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' The Apolleo reliability effort suphesizes the succesaful accomplishment

[T

geven technical tasks during the course of the complete program through

sunar mission acecomplishment. The scheduling contrbl and integration
¢f these seven taska with other program efforts is essential to their suce
ceszful accomplishment. This techrical memorandum reports preliminary re-
sults for one of these seven tasks; a review of the Apollo ground test
program to assess its ability to provide significant reliability data in
the manufacturing phase of the programo'

A description of all seven tasks of the Apollo reliability effort is

contained in the appendix of the techanical memorandum.




I. Test Designations

To provide for identification of all tests blanned under the Apollo

program, five designations have been established according to the basic

purpose of the test. Test planning and test review functions are intended

to assure the adequacy of tests under each of these five designations. A

brief description of each designation is contained below:

1,
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Development tests:

These tests are conducted on samples, models and prototype
hardware to develop within the hardware, the capability to fulfill
mission performance requirements. Hardware used for developmental
tests i1s not suitable for use in flights.

Factory Qualification tests:

These tests are conducted on flight configuration hardware
manufactured to released drawings to demonstrate compliance with
equipment specification requirements under anticipated flight en-
vironments. Included as a part of the qualification tests are any
tests planned to demonstrate numerical requirements for equipnent
reliability. Hardware used for qualification tests is not suitable
for use in flights.

Factory Acceptance tests:

These tests are conducted on each flight article to assure
suitability for flight use. These tests are also intended to
show continuing compliance of each flight configuration article

to the most important of equipment specification requirements.,
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Field Grouand tests: }

These testes are conducted on flight articlea to prepare the
complete system for flight test following receipt of factorye-
acceptance tested hardware at the field site.

Flight testss

These tests are conducted om flight vehicles of configuration

compatible with flight test objectives.




ITI QUALIFICATION TEST PROGRAM REVIEW

Qualification‘tests are tests run onlprototype equipment
to demonstrate that tﬁe enginsering design and manufacturing processes
are adequate to allow this equipment to meet its sﬁecification require-
ments, Qualification tests may include such tests as functional tests,
structural tests, tests to failure, reliability tests, simulated en-
virommental tests and combinations thereof. These tests can be per-
formed on system, subsystem, component and/or part level,

The Apollo test program is being reviewad to aésure that
the following test considerations receive proper attention:

1, Sample size |

2, Test Duration

3. Definition of failure or success

Lbo Criteria for acceptance

5. Data collection, processing, and analysis methods for
tests yielding reliability data

6, Statistical confidence in conclusions drawn from the
test results regarding equipment acceptability

7. Criteria for corrective action based on test results

8, Characteristics and measurement accuracy required of
test facilities to obtain valid test results

9. Test conditions, including environment, for the equipment
being tested

10, Provisions for demonstrating repeatability of test
measurements ’

a) Parts Qualification

The current Apollo study phase is not expected to re-
sult in a detailed qualification program for parts. However, the
ground rules 9p§_regq;;em§nts will be speciﬁied and discussed in
-l =




c)

d)

detail. Since no equipment can be better than the parts from which
it is constructed, all Apollo parts will require qualification to
standards commensurate with Apollo mission objeptivea and environ-
ment, Tests to failure, establishment of safety,margins, studies
of environments to which parts will be subjected, the effects of
environmental stresses on parts and modes of failure analyses will
be emphasized during development to assure that selection and
application of parts receive necessary attention.

Components Qualification
Component qualification will be carried out at the come

ponent level and as discussed below, may be extended to testing

at the subsystem level under actual rather than simulated system
environments, Demonstration of reliability to reasonable statistical
confidence levels, not feasible at the part level, will be con-
sidered in selected cases. In other regpects component qualification
testing will be conducte§ on a basis similar to parts qualification
testing except that, in some cases, component qualification tests
will be conducted in conjuncfion with subsystem qualification test.,

Subsystem Qualification

Subsystem qualification testing affords the best means
for demonstrating functional adequacy of the equipment with inter-
action of operating components under simulated enviromnmental con-

ditions, At this level demonstration of reliability to valid

~ statistical confidence or risk levels can be carried out supple-

mented by performance variation tests of selected critical design

parameters.

System Qualification
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. under room ambi.g conditions; hot firinga and tests under smnlated
eritical enviromnments will necessarily be conducted at lower levels. -
The primary objective of system qualification test will be to demonstrate :
functioning of the entire system within specified limits, both with
respect to capability and repeatability, For both qualification testing
and subsystem and component develobment and acceptance testing ex-
tensive use will be made of two special systems designed and built
especially for test purposes, These are:

1. Laboratory Functional Mock-up

2. Complete System “Boiler Flate Structure

The functional structure ﬁill bs a col]_.ection of eaaﬂy.

accessible subsystems and components interconnecteiin as nearly identical
fashion as the flight system., Its purpesé w:l.ll be to demonstrate
operation of the system as a whole and thé: functional characteristics
of its components and subsystems.

/ The boiler plate mock-up will duplicate as nearly as pos-
sible the flight system configur'at.:ione Selected components and sub-
gystems may be brought outside ths boi;ler-plate shell and subjected
to critical envirorments during operaticn of .tha system. In every
respect possible this system will be maintained to the latest en-
gineering flight design configuration in order that test data will
reflect the current design. It is ex%:ectéd that both these test tools
will provide velueble data throughout the program, extremely useful
in evaluating design improvements and ir providing system reliability

measurements,

. e) Envirommental Testing

The Figure "Spacscraft §; bsystem Environmental Conditions for
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Reliability Testing® illustrates at the subéyétgm level the type of en-
vironmentel testing currently pl;;ned to demonstrate capability and re-
liability of the Apollo system, The various mission phases and subsystem
operating and non-operating timer duriﬂg these phases.have been consolidated
into six mission phases and further consolidated for test purposes uwhere
possible for each of ele#en designated subsystems, .

Qualification test considerations reflected in Figure block
diagram include criticai tgst'environmants, basic test duration, test
sequence, environmental and subsystem test comﬁinatioﬂsc Sample size,
actual test durations to demonstrate reliabiiity ﬁnd other required test
considerations have ndt,been finalized as yet. ‘The diagram is ‘intended
to illustrate the approach which’ will be taken to develop a test program
which will provide maxiﬁuﬁ dollar vﬁlue and minimize test time.

Qualification Test Categories

The qnalification'ﬂest p?bgf#hﬁwill prdvide for four
categories of tests to damonstrate'capabiiit&fanﬁvieliability assurance,
These categories are: | | ; | ‘

1. "Standard" Environmental Testing

2, Performance Variation Tééts (selected critical enviromments)

3. Safét& Margin Teéting |

L. Statistical Demonstration Tests to specified con-
fidencg or risk levels.

1) "Standard" Environmental Testing

Categorized under "standard" environmentgl tésting is the
usual environmental tests under simulated operational environments - sand,
dirt, moisture, vibration, acceleration, temperature, shock, etc. Certain
of these environments, depending on the size of equipment under test and
facilities available, ﬁill peipqmbiped, providing more realistic test
-7 o




results and reducing test time. These tests are designed to demonstrate
capability of the equipment to meet its operational requirements.

The remaining three categories of tests are designed to
demonstrate reliability of tﬁa equipment in various ways.

2) Performance Variation Tests

Ferformance variation tests will demonstrate the probability
of equipment meeting selected critical design parameters. When high reli-
ability requirements make numerical raliabiiity demonstration testing
extremely costly in time and sample size, performance variation tests,
based on small sample sizes (for example, 10) have the advantage of Pro-
viding, with acceptable statistical assurance, data uéon vhich equipment
performances can be predicted,

3) Safety Margin Testing

This type of testing provides valuable design information
on equipment capability and provides a measure of the effect of critical
environmental stresses on equipment lifeo‘ It will be used extensively
during development testing and will follow qualification testing under
anticipated environments to provide additional assurance for critical
applications.

L) Statistical Demonstration Tests

At higher system levels, wher® numerical reliability goals
are compatible with available test timer, statistical demonstration to
reasonable confidence or risk levels can be carried out under the move

critical environments,

-8 -
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ITI. Flight Article Acceptance Test Program

The ability';f the factory acceptanqe test program to
provide data for measuring numerical reliability will be one
of the areas of intensive review during the detailed planning
of acceptance tests. The normal pattern of factory acceptance
testing follows a building-block concept in which parts, compone
ents, sub-systems, and ultimately, the complete vehicle are sub-
Jjected to tests which assure the suitability of each manufactured
item for use in flight. At this stage of the Apollo program
sufficient detail does not yet exist in the factory acceptance
test plan to assess with precigion the exact amounts of data
which will be available for measurement of reliability. The
extensive experience of the Martin Company on related programs
does, however, permit significant conclusions to be drawn re-
garding the measurement of reliability at each of the building=
block steps of a factory acceptance test program. These con-
clusions are stated below:
(a) Parts Acceptance Testing
Factory acceptance testing at the parts level

is not expected to yield any significant demonstration

of numerical reliability required of parts for use in

the spacecraft, The two factors which prevent demon-

stration at this level are the amount of data required

for demonstration and the adequate simulation of part




(v)

(c)

environments including application factors and inter-
action with other parts. Numerical reliability re-
quirements of parts for use in the spacecraft are nor-
mally in the order of 1,000,000 hours MTBF (or 106 duty
cycles MIBF). Data at this level are, however, essen-
tial to the control of parts adequacy and to the elimin-

ation of detected problems.

Component Acceptance Testing

Factory acceptance testing at the component level
falls much in the same category as parts in yielding a
significant demonstration of numerical reliability re=-
quirements. Although much less data is required for
component reliability demonstration because the numer-
ical requirements average one of twe orders of magnie
tude lower system anplication and interaction factors
are still not present during tests. Components do,
however, normally undergo simulated environment tests
as a part of acceptance yielding valuable data on en=
vironmental adequacy and improvements required.
Sub-system Acceptance testing

Factory acceptance testing gt this level of
equipment complexity normally provides an adequate
index of numerical reliability when the results of
several systems worth testing are combined, Subsys-

tem interaction factors are usually missing, however,




as well as valid simuiation of flight environment.
This type of testing is most valuable in detecting
variances in numerical reliability between identical
subsystems and in detecting sub-systems of significantly
lower-than-required reliability. For the Apollo subasys-
tems which opnerate continuously during the translunar
and transearth phases of flight; the amount of testing
for acceptance will no% provide numerical reliability
indices of significance.
(d) Spacecraft Acceptance Testing

Factory acceptance testing of comvosite subsystems
installed in the spacecraft will provide an index of
numerical reliability for the group of subsystems opera-
teds Under normal spacecraft acceptance testing, however,
the propulsion subsystems would not be operated except
for their electrical ard pneunatic sequencing and their
effect on the reliability of the remaining subsystems
would therefore not be determined. Simulation of flight
environments is also not practical at this level thus
indices would be determined under factory ambient con-
ditions. The major benefits would be in assessing full
subsystem interaction effects on reliability of the sys-
tems tested and in letermining crew reliability when
subsystems are sequencing through their normal mission

functions. It would be expected that the simulation

ya ,'{v,“.‘i N B O
4 3 1

« 11 o




(@)

PRI F b N

of a spacecraft mission during acceptance would shorten
the amount of time in the translunar and transearth
phases of flight,

Additional Sources of Data Supplementing Factory
Acceptance Tests

Two primary additional sources of data will exist
during the factory acceptance test program. These are
the continuing tests of functional system mockups and
a functional spacecraft. These equipments will continue
in test, following their use for development purposes,
paralleling the factory acceptance test program. The
primary purpose of these equipments is in their use for
failure evaluation and for testing of proposed changes.
The nature of this testing is expected to prevent unres-
tricted use of data generated for evaluation of relia-
bility, however, those deviations from flight config-
uration and from fixed test procedures will be carefully
recorded to pre#ent erroneous conclusions concerning re-
liability., The major contributions of these equipments
to reliability data acquisition are therefore expected
to be in providing data on problems not anticipated

during latter phases of the program.




IV Check List for Test Review

The review ol test plans to assess their ability to yield

significant reliability data is a most important function at this

stage of the Apollo program, Subetantial-influence can be exerted

to make each test yield a maximum amount of data without significant

increase in cost. The basic approach used by the Martin Company on

similar programs is to minimizevadded-cost rgliability testing and to

derive most of the data from‘ndrmally'écheduled testing. In accordance

with this concept, a detailed review of normally scheduled testing

is conducted with emphasis directed on the following test parameters:

1L

2,

3.

Lo

Sample sise and test diration

These parameters are reviewed to assure data on
variance between samples and to assure that test durations
simulate mission times., The appropriate balance be-
tween sample size and test duration can also provide data
on equipment 1ife without resort to specially planned
life tests, '

Criteria for acceptance

An essential part of each test program which
is frequently overlooked in the test plan is the es-
tablishment of acceptance criteria, including a
definition of success and failure. Test review in- ,
sures that each planned test has adequate definitions in
this area. ' ,

Statistiéal confidence of conclusions

Review in this area is directed at assessing the
accuracy of measurement considering both basic measure-
ment system capability and the number of replications
of critical measurements,

Operating characteristic curves

Fmphasis on this test parameter is directed at
ascertaining the probability of erroneous conclusions
from the test results.

-13 =




7o

Test conditions

Review of this test parameter is directed at .
assuring adequate simulation of mission environments
and adequate adherence to the ordering of tests to
simulate the mission sequence.

Data acquisition and processing

Review in this area insures collection of re-
quired relisbility data and expeditions processing
to meet program schedule requirements.

Criteria for corrective action

Review of the test plan in this area insures
that a prescheduled sequence of events is followed
in event of failure during test and that failure
data is fully utilized to effect reliability im-
provements.




A. RULIABILITY

The Apollo reliabiiity effort iz a technical task directed at
a’impination of trouble. During the :tudy centract, problem areas

and weaknesses have been anticipated and corrected by means of
evaluation of proposed desiguns. During subsequent program plans,
emphasis will change to the analysis of test data and the solution of
kunown problems. Thiz present conceniration on evaluation of design,
coupled with careful planning for subsequent program phases, is
ezsential to the ccnduct of a duccessful reliability effort on Apollo.

The taske which must be performed on subsequent phases have
heen idzntified and form an importan® part of the overall program plan.

During the present Apollo contract, reliability work has con-
centirated on: ’

f1) Support of the design effort to arrive at a coanfiguration
with highk inherent raliabiliity.

(2} Suppert of ihe program plaaning effort to define the conduct
of a follow-or contract 7or the system. '

As 2 result of thisg efZort the technical and management aspects of the
reliability program have received serious attenticn.

The program couprises seven tasis:

i, Delermination of Numerical Reliauility Reguirements

Yalues of reliability consistent with the desired probability of
mission accomplishmernt suat be estabilshed as a basis for evaluating
rroposed systems,

“, Defirition of Design Requirements

The reguired numerical values =i reliability must be translated
into requirements which the desigrer can fulfill through known design
techinlques. At the prerent state in reliability, only gross rules are
available to ldentify design f2atures which will yield given numerical
values of reliabilily. Considsrable negative data is available, how-
ever, to ldeatify desigrn features which will not yield a specific re-

- ginirsd value of reliability.

y

5. Conduct of Design Tvaluation Stuiies

dAlternate methods of performing a system function must be
«vslizated to select the surerior msthod. Reliabiilty effort in this

area ylelds high dividends because tne emphasis is on comparative
faalysis rather than on abgsoclute values of predicted reliabilitye




“, Conduct of Design Review

For the selected system design, compliance or non-compliance
with design requirements must be docvumented. Most significant is
the identification of requirements “Tor which compliance cannot be
ascertained when the design review is in progress. The program
snouid be carefully reviewed at this point to provide proof of con-
pliance in these unknown areas prior to flight.

5, Identification of Critical Product Characteristics

As part of design review on the selected configuration, this task
provides a means of controlling the product during procurement,
manufacture, shipping. handling and storage. Failure to identify
significant product characteristics will result in generalized types of
control methods in the above areas which do not anticipate causes of
product degradation,

5, Demonstration of Control of Critical-Product Characteristics

Every inspection or test performed on an article of flight
configuration hardware is intended to prove that certain product
characteristics are under control., This task insures that inspection
and testing does, in fact, provide such proof,

7. Reliability Data Collection and Utilization

Reliability data on tests conducted, equipment operating time
and eguipment discrepancies must be collected and analyzed to
determine status in achieving system reliability and to provide an
organized method for improving systsm reliability in the areas
yielding the biggest dividends.

The wmanagement aspects of the program are associated with
acconplishing these seven tasks oa schedule and insuring that the
inforaztion resulting from each tasik is used to influence decisions
in trhe conduct of the progranm.

Hew these tasks apply to Apollo may be seen in Fig., IV~?7, which
shows the key evenits during the 1life cycle of the Apollo vehicle, the
prograzn activity required to make each event occur and the specific
rellability effert which takes place as a part of the program activity.

The present reliability effort on Apollo will result in a specifi-
cation which documents requirements for the conduct of the Apollo
reliability effort, a program plan showing the specific tasks which
w11l meet the requirements of the specification and the detailed
rellatility analysis performed on the spacecraft systems., Sub-
sequent figures and text show the nature and format of the systen
analyses which have been conducted since program inception,
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Test Logic Analysis

For each plan considered, a test logic analysis has been made
in order to fully investigute all expected problem areas that could
be encountered and to brmulate an approach to the solution. As a
basis for‘this analysis, two assumptions were made, one, an expected
overall test result probability and a percentage of data returwu that
would validate proceeding to the next test objective. It is well to
note that thece figures though based on assumptions are fairly realistic
numberss From these figures we were then able to determine the vehic'e
requirements that would satisfy our test objectives. Ref. Fig. 18-2a,

Figures 18-1a thru 18-lc are a general and detailed logic plan
used iﬁ determining. our operational philosophies during tﬁe test program.
In this Manner, we_have retained the ability of making ea;ly decisions
in‘problem>areas without serious delajs to the program.

Sincé we have not “per se“ assigned specific vehiclés as ﬁéck;up
throughout the program, we have aligned our testing process quthat
there is an established plan for each countingency. In thia'manpe§ we
can avoid the uéual progran dela&s_and st0ppégea. . o

Obviously we cannot, in the limited space available, détail each
test series and phase therefore we shall only outline all the procedures
and philosophies used for a single test within a series and phgsé. The
sample used in Fig. 18-1d is for PHASE III Series 1, Undershoot Tra-
jectory. For this outline we will consider only three general result
categories. (Actually the test results probabilities are more than
three.)

Case l. OSuccess - The conclusions here are self explanitory.



’2’

Case 2« Boosfer Malfunction ~ This maybe the result of aﬁort.
range safety or improper flight profile etc. it |
could also be considered as incomplete data though
any test will furnish some usable results.

Case 3. Spacébrgft Malfunction - This is considered a discre-
pancy also in that the vehicle will have arrived in
its area of test but test results are lacking because
of limited data, system malfunction or no data at all.

In Case 2 then we with NASA, AMR and booster contractors mﬁke

an analysis based on data obtaiﬁed. For the most part the.feat.ob—
jectives are rescheduled for the subsequent vehicle withﬁiféwféat'
objectives trapsferred to the next. It is well to note here thgé-fﬁo
sample used for outline is the ﬁost critical test area in that we cénnot
double upAfhe mission objectives of the next test.

Case 3 also requires an analysis by the contractor, his associates
and NASA based on data return. Based on the results the réquired changes
are incorporated into the next test article and rescheduled. Where the
changes are major in nature facilities may not be adequate to incorporate
them into the next test vehicle at the launch site. Should this be the
case these changes would be started in the earliest vehicle possible
that would allow the minimum of test time slippage.

Having made the above decision we then reschedule the mission.

As before we can expect, though improbable, the results that occurred
in Case 2 and Case 3. Should however, this occuf we then carry our
analysis into its second step.
Step II1
Case 2o The reasons for arriving here will remain in ali probability

the same, our course of action however will differ somewhat. The Test

~e
'~
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Review Board together with NASA, Booster Contractors and AFMTC will

now make a critical review of mission objectives in terms of booster,
systems and range capability. Based on these results the earliest
possible deciéion is made as to our next step which could be additional
boosters and spacecraft if we are to test to success (80% data return
probability) or test compromises that can be made without jeapardizing
the test program.

Case 3. Here as in the first step of the analysis the reasons
will for the most part remain the same. The Test Review Bbard together
with NASA and sub-contrastors will analyze test results, factoring }f
by a éritical systems analysis, manufacturing procedures and supporting
tests that are used in arriving at our previous changes. They will
then make a decision aes to system or systems redesign or rework, their
testing and our approach to future testing. If testing to succeas is
mandatory, based on test results we then again have at the earliest
possible time made a decision as to additional booster and spacecraft
allocation. Or as in Case 2, we can, based on limited data, arrive
at a test compromise or mission objective tradeoff that will allow us
to proceed.

There are other facets of this analysis too numerous to cover
here but it is worth metioning some key highlights.

l. Each change will be backed by through and comprehensive

testing.

2. When proceeding from one series or phase to the next series

or phase the first vehicle in each is for the most part

compatible to the previous one.
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. 3+ The Test Operations Staff by being "on the scene" insures
a continuity of effort and test throughout the program. Since a
secondary function of this staff is to act as the Test Review Board

they have a complete and through knowledge of the problem areas.
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INFLUENCE OF SPACECRAFT AND BOO3TER RELIABILITY ON SELECTION

OF THE NUMBER OF VIHICLES FOR THE FLIGHT PROGRAM

Technical Memorandum 18«2

6 March 1961

R. Schwabd
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INFLUSNCE OF SPACECRAFT AND BOOSTER RELIABILITY ON SELILCTION OF THE

NUMBER OF VEHICLiS FOR THE FLIGHT PROGRAM

Selection of Boosters and Spacecraft to carry out each Apolle
mission has been made by examining the estimated reliability for each
spacecraft and booster. Figure 18-2a relates spacecraft, booster,
recovery and flight reliability with vehicles required, successful
flights required and the probability of success of any particular
flight series. The reliability numbers represent the middle ground
between the optimistic and pessimistic prognostication. It is assumed
that reliability is coastant during a flight series utilizing similar
boosters and spacecraft. In reality some improvement can be expected
between the first and last flights of any series.

The constraints imposed in developing the flight test program
are as follows:

1. Program completion date (first successful Lunar orbit).

2. Rate of Saturn launching (series connected flights for R/D

program).

3. DBooster, spacecraft, recovery data acquisition reliability.

L Predicted availability of Saturn boosters, particularly R/D

and early operationral vehicles.

5. Probability of success of any flight series will be at least

85%.
The flight test plaen was developed by first establishing the elements

of the program: parabolic reentry, abort, earth orbit, et¢. The over-




all program was then "poughed out',., talkting into consideration a com-
pletion date of lunar orbit in 1969, maximum launch rate of 4 per
year, the span time to develop the Apollo hardware, and estimated booster
availability reflected by current Saturn plamning., Critical progranm
phases and series were then pointed up by examining the chart in
figure 18-2a. The first critical flizht series occurs in Phase III,
Series 3, Heat Shield demonstration flights using Saturn C-1 R/D
boosters. Two successful flights are required before the program can
contiﬁue: overshoot and undershoot reentry. Six flights must be
scheduled to yield 85% probability of success of the series. Four
Saturn C-1 R/D boosters ar. predicted to be available. Two Saturn Ce-l
operational boosters could be allocated to give a total of 6 vehicles.
However, it is felt highly desirable to produce a manned Apollo flight
as early as possible by using the first C-1 operational booster avail-
sble. Therefore, this flight series is apvwroached as follows:

1. Plan & flights - probability of success is 64%.

2. If first flight is successful, one success out of 3 remaining
planned flights will yield about 80% probability of success.
Continue progran,

3, If first flight is unsuccessful, two successes out of 3 ree-
maining yields a lowprobability of success of 53%. At this
time, an alternate plan will be initiated to allocate 2 addi-
tional boosters and gpacecraft to the program. Saturn C-1
operationsl boosters originally planned for Phase III, series
1 would be reassigned to Phase III, series 3. This allows
a 21 month lead time for the replacement Saturn C-1 operational

vehicles to be ordered a2nd prepared.
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This approach is to te followed in the Phase IIl flights where probability
of puccess is lowsr %than ~85._ Tse price paid in improving probability

of success is basically prograr. schedule. Assuming a leveling-off |
reliability for booster and spucecraft and a minimum launch rate (4

per year for Apollo-Saturn =2), probability of success in a £light
series can be imyfqved by adding boosters and spacecraft to the progranm
or by reducing thé nuni or of successful missions required in a series.
The latter approach teids 16 reduce the’réliability'(probability of
successful flight) briause a nunmber of objectives are crowded into ome
flight or insuffic’2nt number of parameters are investigated. Increasing
the number of b-s:ters and Spacecraft per series provides higher‘success
probabili’y at ‘e expense of a later completion date sihce Apollo is a
Sgra,s stepped -esearch and development program. The exception to this
situation is the manned orbital laboratory flights which can continue

at a more rapid launch rate and in any desired quantity while the lunar
nisslons proceec.

Hethods of flight program improvement can be illustrated by
examining figures 18-2b and 18-2¢ which are the basis of establishing
the numver of vehicles required to meet a given probability of success.
Three approaches offer higher probability of successs

l. Increase reliability of booster and spacecraft.

2. lncrease the number of boosters and spacecraft.

5. Decrease the number of successful flighta required.

The following example illustrates relative improvements:

Number of successful flights required = 3
Number of vehicles assigned to series = §
Total booster - spacecraft reliability = 60%

Probability of success of series of 5 flights = 65%




% Improvement in Success Probability
3%

= 106

7 improvement in reliability

Increase in success probability for additional flight = 14.5%
Increase in success probability for one less successful

flight required = 32%
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The Lpolle Frograw with ils crew concepb Zlight vehicle changes ihe
complancity of the mem's ireining and i%s philosophies 1n that man can
(1000 crew) assumes a more active pariicipation in the flight.

Vio must insure thoo his training encompasses all vhases of systen and vehiele
function and merlfunction and that through this he obtains the highest degree
ef confidence coth inhimelf and his equipmenﬁ, To sccomplish this, it
then becomes | méeséary that the crew persomnel be a member of the contractors
test orgs"izaﬁ’qn, participating in design manufecturing and testing of
these vhicles. Quite natwrally, the contractor has neither the capcbility
nor sperience to fully satisfy ell trainings thevefore, we must classify
tv's freining into two categories; Phaysiologlcal Mnvironmemt end Systems.
Lo  TRAINING AREAS
8. FPHYSIOLOGICAL TRAINING «
io I‘iASA's raspﬁmsd.bility for obvious reasons., Martin will furnish
system requirement inputs vhere nocessary l.e. flight data gis
velocity, special orientation,
2, TDxisting trainers and training aids will require modification
% Apello paraneiars.
3s Cross tralning of crew members,
b, SISTR! TRATNING =
1. Hartin responsibility/NASi monitor
2, Duild end maintain flight simlators
3o Train crev mewbers in these simlators. This training, based
on analysis of test program and system evaluation, to be varied
to colnedlde with actual fiight test results, where possible.
Lo Phases of training -
Booster Flight

Coast

Section

Ahondt e Moacian ond hanator a1l nhanas



1a, GROUND TRAINING

8, It is strongly recommemded that ground %raining where it applies
to system training be conducted at the contracter’s facility.
This aids in reducing the mmber of simlators required and shorteus
the eommmication link. It also tends 1o centrealize equipment and
parsemel,
bo Themethodoligy to be empleyed will follow that of previous
programs performed by the Mhrtin;pompanw'and'will be the responsibility
of the loglisties support group.

With the orew members baing a part of the test organisation;
they will have a closer relationship with the vehicle and systems
thereby neatly assisting tham in its understanding.

ib, FLIGHT TRAIRING =

be

The program deslgn is such that each flight is in itsslf a
training mission and as such we nsed mot designate specific
flights with the prime objective of traiming.
ao AIRCRAFT « This is an area requiring further study - however,
configure an A/C (Dual Capacity) to have £light characteristics
with similer LD as spacecraft displays and controls to be similay
or sape where posgible . Pripary ohjeotive i charncterictics
orientation.
orientation
PROTOTYPE TESTING (APOLIO) « Full scale free fall ariemtatione
This phase would be elther in later phases of testing in this series
er a3 8 carry on for training. Commend module will have control

systems and be proven before training flights.



- 8s 4t ia concelvable that every crev member will have had space
erientation « (rbital or percbolic flight. This them will
result in a ratic of space qualified crew members i.e. 2«1 aor
l=2 crew alignment.
d. Should welghtlessnsss presenmt no major problems -i.e., physical
orisntation), we then can possibly dispense with one of the prime
‘objectives of the lercury carry-ofi program. .-

8. Crow requirements for fiight parta'.cipaﬁ.on;

PHASE SERILES :©  TEST CREW dtd. REQUIREMINTS

I 1 - a A 2/65  a. Complete ground and flight
- be Mercury experience
b B 6/e5 Same as above
o c of6s Same as above
a D 1.‘!,/65 ' Same as above
2 a E 2/66 a. Same as abovs
‘ b A 5/66 Same as above
| e Al 8/66 Same as above
' d B 13/65 . Seme as above
NuNy 2a a | B 2/67 a. Same as above
b c 6/61 Same as above
¢ ,221 9/61 ~ Same as above
\ I 3 a (Eﬂ-c]} 1/67 8. OSame as above # Orbital
training

b A+Cl L/67 Same as above
° ap3c, 76T Same &s above
11T L a B 10/67 a, Same as above
b E 1/68 Seme as above
o B, 3/68 Same ag above




%

PHASE

SERIES

I

5
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¢ /68 a, Some as above
1 9/68 Seme as above
A 12/68 Seme as above
A 2/69 Same as above
B 5/69 Seme as above
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§ MMARY

The results of a preliminary study of the meteorite
penetration problem has been presented in the manned lunar vehicle
feasibility study (ref. 1). Further and more detailed analysis of
this problem has been made during the initial study phase for two
proposed Apollo spacecraft - the M-1l-1 and the L-2C. This analysis was
tzsed on the 1957 meteorite model of Whipple (ref. 2) and the
penetration equation of Summers (ref. 4). The probability analysis

wes based on that developed by Naumann (ref. 3).

The probability of no penetration was determined for
vzrious critical components of the two spacecraft and then combined
tc obtain an overall probability for the entire spacecraft. It waa
fcand that both the M-l-1 and the L-2C have an overall probability

of no penetration of 0.97 for a 14 day mission.

The analysis made thus far show the meteorite problem is a
definite design consideration but one to which reasomable answers may
be found if the desired goal of probability of no penetration is in
th? order of 0.95. All analyses for meteorite penetration are, of
corse, limited by the present knowledge of the meteorite environment

an.d the hyper-velocity impact penetration mechanism.

A discussion of the future study effort is also given.
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1 TEORITE MODEL

The meteorite model that has been used for the study
aalysis is Whipple’s 1957 model as given in Table I of ref. (2).
T1iis model defines the meteorite mass, size, density velocity and
frequency of occurrence. The meteorite density is 0,05 grams per
c¢'ibic centimeter based on Whipple's "dust ball" concept. The data

fom ref. (2) is summarized in Table 1 of this memo.

FP0BABILITY ANALYSIS

The methods outlined by Naumann (ref.3) has been used to
e3tablish probability curves showing the visual magnitude of meteorite
t1at must be protected against in relation to the desired probability
of no‘penetration and the exposure. The exposure is a function of
ct the exposed surface area of the vehicle and the time of the mission
ia space. Figures Ia and Ib show the probability of one or more hits
01 our square meter in one day plotted against the meteorite visual
ragnitude from Fig. 5 of ref. (3). Using the data of Figure Ia and
Ib, it was possible to derive the visual magnitude of meteorite to
te protected against for a given exposed area and time of exposure
25 shown in Figure 2. Knowing the visual magnitude; the size and
velocity of the meteorite can be found by using the Whipple meteorite

rodel - Shown in Table 1,
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PINETRATION EQUATION

In order to determine the required skim thickness needed to
rosist penetration by a given meteorite, a pemetration equation is
required. For the study analysis, Summers' equation (ref. 4) has been
used. This equation was selected because it shows a satisfactory
ccrrelation with impact test data over a wide range of velocities
(vp to 32,000 ft./sec.) and a range of projectile to target densities
a: shown in Figure 3, Summers' equation gives the penetration of a
given diameter projectile into a thick target. The required thin
single layer thickness was taken as twice the depth of penetration
iz a thick target given by Summers' equation. This is reasonable in
tiat 1t has been found that a projectile can completely penetrafe a
tzrget whose thickness is roughly one and one-half times as large

as the penetration into a quasi-infinite target as stated in ref. (5).
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IETSRMINATION OF REQUIRED SKIN THICKNESS

Figure 4 shows the required skin thickness for various
raterials to resist penetration by meteorites of various magnitudes
based on a meteorite density of 0.05 grams per cubic centimeter.
Figure 5 shows a weight comparison for various structural materials.
By the use of Figure 2 and Figure 4, the required skin thickness for
virious probabilities of no penetration, exposed surface area and
time of exposure can be readily determined as shown in Figure 6 for

aluminum alloy.

" 3UMPER" CONCEPT

Preliminary studies using the curves of Figure 6 indicated
e rather heavy gauge of aluminum (0.100" or more) would be required
to obtain a probability of no penetration of 0.95 for the larger
components of the Apollo spacecraft (e.g. the mission module).
However, Whipple had proposed the meteorite "bumper' concept which
indicated a significant reduction in total skin thickmess by use of

tvo skins suitably spaced apart.
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NBUMPER" CONCLPT

From tests run by Olshaker (ref. 6), it appears that a
""oumper" of suitable desigm may allow a reductiom in a single layer
thickness to ome-~third. Olshaker's data was obtained from tests
using lead. However, some "bumper" test data using aluminum alloy
is in general agreement with the lead test data. The Martin Company
has made some "bumper" specimens of aluminum alloy. These specimens
will be impacted with hypervelocity projectiles at the Ballistic
Risearch Laboratory of the Aberdeen Proving Grounds. Data from these
t2sts will be used to determine the "bumper" effectivity in aluminum
alloy 14 S-T6 material. For the study, it has been assumed that the
u39 of a "bumper" will allow a reduction to one-third of a single

sitin thickness as discussed in the preceding section.

It might be mentioned that five specimens of heat shield
miterials (ceramics and ablators) will also be tested by BRL to determine

p:netration resistance.
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PUNETRATION PROBABILITY FOR APOLLO SPACZCRAFT

The results of the meteorite penetration study for the M-l-1
and L-2C spacecraft are shown 1n.Tab1es 3 and 4, It will be noted
that to obtaim an overall vehicle probability of no pemetration the
exrposed surface area and effective skin thickness of various critical
components has been used. The external skin and the flame shield
for the rocket engine surround the components of the mission module
and the propulsion systems. Advantage has been taken of this surrounding
shin to serve as a meteorite "bumper" to protect the enclosed components.
In order to arrive at the probability of no penetration for the various
components, it was necessary to determine the equivalent thickness of
aluminum where the materials used are different (e.g. the heat shield).
This was done by finding the equivalent penetration resistance of
the material in terms of aluminum. The "bumper' effect of the external
skin and flame shield has been used to arrive at an effective skin
tlidckness using a factor of 3 (see Page 6 above). The heat shield
ccnstruction will also serve as a "bumper". The results in Tables
3 and 4 show that the M-l-l vehicle, for a 14 day mission, will have
ar. overall probability of no penetration of 0.978 and the L-2C will
hzve 0.976. This probability is based on a conservative assumption
of no earth shielding, no mutual shielding of the components by each
other and penetration based on meteorite impacts normal to surface.
Tre solar cells are shown to suffer only a very small damage (less

tran 0.02%) due to meteorite impacts.
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FUTURE STUDY EFFORT

Future effort during the study contract will involve the
analysis of the W-1 Apollo spacecraft for meteorite penetration
ucing the methods outlined in this memorandum. The test data from
the aluminum alloy bumper specimens will be evaluated to determine
tite effect of the "bumper" configuration. The data from the impact
tests of the heat shield materials will be evaluated to determine
their penetration resistance. Further analysis will be made of the
heat shield design of the command module as to its ability to with-

stand meteorite impacts.

The results of the study of meteorite penetration will be

presented in a final report at the end of the study contract,



Ref. (1)

(2)

(3)

(4)

(5)

(6)
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e —— 300" Thick
1. ¥-i-=1 Aversge Hzat Shield Sissadedemmdusipsges | Mylon-Phenolio
C»ross Seotion 7 - Ablator
//[ //// 025" Super
(14 // - Alloy

T o 5" Insulation

»040" Alum-
Pressure Vall

\

L-2C Average Heat Shield — — —~ — — — — =M {Same as ¥-1-1
Cross Section axcept Ablator is ¥")

2. Assuming bumper increases offective skin thiekness by a factor
of 3, i.e, effective skin = } x (Bumper thickness + Basic thickness).

3. 0.240" steel shell equivalent to 0.49" aluminum.

. 0,040" ateel cooling tubes equivalent to 077" aluminum.
5. 0.04O" aluminum exterral skin acis as bumper,
6. 0,020" stael flame shield acis as -039" aluminum bumper.

7~ 0.025" gilieon cells squivalent %o 020" aluminunm,
£&. Solar Cell Effective Ares
Cell size 3/8" x 5/4" ,025 silicon face
10,000 eelis/arvay 12 arrays

Total cells = 120,000 arranged in groups of five
Visnal magnitude meteorite to destroy .025" gilison face

is 16.2 or less {estimated)
Estimated rmmber of hits for 1% day mission is four for

visual aamitude 16,2 or lssa

the damage is

el s

~aonning 4 hits destroy 4 baaks of §

= o~ P S Ly
HEH . = 000187 { oL7;
M 4]0
i LA i MIOLEY = 998%




TH 20-1h

.s

wreernal ckin and flame ghield serve as meieorite bumser .

Penetratica i3 not & problen,

Overall probabiliiy of no renetration for no earth
ghielding, no mutual shielding of components and

all metecyite impacts normel to surface.
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Aero Control System (Hot Gas)
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‘-,ez"oc’é.""xamic fower Conirol Systenm
Anic Tower vonirol

e

In studying the design requirements for the reentry-aerodynamic power
control system, it became increasingly apparent that the conventional hydraulic
powered zystem has serious limitations, Closed cycle system leakage, fluid
temperature limitations, and redundancy requirements to achieve reliability
with the complex hydraulic system brought us to the realization that a hot gas
system should be evaluated. U1t is believed that by proper design and
component selection either system could be made to satisfy the functional
system requirements and that system weight should be the ultimate basis for
selection.

The results of the evalvation, fig. __ 1 . fig. 2 s of a conventional
dual hydraulic system powered from HZ and O2 fuel A.P.U. turbines against both
mone and bi-propellant hot gas systems have shown a decided weight advantage
in favor of the hot gas system. The hot gas system has several other signifi-
cant advantages: high ambient temperature coumpatibility, capability of using
the gas source for both the aerodynamic and reaction control systems, and

stem simplicity through a single energy conversion from fuel to actuator.

The hot gas systems evaluated were complete systems while the hydraulic
“ystem lncluded only incremental fuel and turbine weight increases over a
System already installed in the vehicle. The weight difference would have been
consideraoly larger if all the fuel system and turbines had been charged to the
hydraulic system alone.

On the basis of this evaluation, a hot gas systenm, fig. 3 + has been
selected for Apollo, The selection of the fuel to be used will be made in
the last half of the program after a more detziled study into the possible

integration of fuels with other vehicle power systems,
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Typical Weighi Summary
‘ W-l Configuration

HOT GAS

Energy source = 8202 fuel

System pressure - 1200 PSI

System temperature - 1400°F

Harmonic drives (&) 89.0
Pneumatic motors (8) 22,6
Servo valves (8) 10.0
Transmission lines 9.5

Gas generator, misx. valves,

fuel and tankage 85.9
Total Weight 217.0
HYDRAULIC

™It
2 + O2 Turbine ADPU's

System pressure - 3000 PSI

Energy source - H

System temperature = 450°F

Tubing 42,0
Actuators (3) 72.0
Filters 12.0
Check Valves 3.0
Relief Valves 6.5
Servo Valves 8.0
Reservoirs 2%.0
Pumps 30.0
Fluid 54, &
Cooling 20,0
Insulation 20.0
Fuel 7.4
APU Weight Increase Lo.0
. Total Weight 329,3 lbs.
TM=21,

Figm 2
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1¥TRODUCTION

This report presents the results of the first half of the
£polio study of vehicles for circumlunar, lunar orbit, and luner
takeoff missions,

Anslyses of ten re-entry bodies have been made in detail and
the weight comparisons are shown in Tables I and II. From these
data, four vehicles were selected for more careful analysis, The
weight summaries of these four vehicles are shown in Table III., A
brief desceription and o detail weight breakdown of the major eomponents
of the selected designs follow Table III,

During the second half of the Apollo study the weight of the
gselected configurations or configuration will be further defined and
optimized. The center of gravity will be positioned properly. Require-
ments for detail design weight and center of gravity optimization will

be determined. Speecifications for actual weighing, actual C.G. determing-

tion and possible moment of inertia determination will be prepared,
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APOLLO

(¢) 3selected Spececraft Comparison

™o

P~

W=l L-2C
Wel Integrated L-2C Integrated
Command Mddule (5847) (7749) (5711) (7982)
Heat Shield 1320 1536 1280 1686
Strugture and Controls 1589 2011 1493 2039
Crew and Equipment 2938 L2p2 2938 L4257
Launch Escape System 1000 1280 1097 1498
Migsion Module {(4345) (2606) (4271) (2597)
Urew Capsule and Equipment 1837 e 1837 -
Struciure and Controls 1912 1660 1848 1661
fquipment and Systems 596 9Lé 586 936
. Propulsion Syster and 4332 4256 L4298 L4432
Propellant
Total Cirocumlunar 14724 15191 14577 15709
(Effective) *
A Propellant and Equipment 408k 4040 Lo3k 4137
Totel Lunar Orbit 18808 19231 18611 19846
(Effectivs)
£ Propellant 3349 3377 3305 3460
Total Lunar Take~(ff 22157 22608 21916 23306
(Effective)

* ngffective” weight includes e reduction of 800 1lb. to
account for the fact that the launch escape tower is
jettisoned at 300,000 ft. rather than carried to escape
velocityo
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IT SUMMARY

(D) CENTER OF GRAVITY -

Mod. Integrated
L-20 ¥l __Wel
Most Aft Permissible Longitudinal CoGo(x) 20.0% 62% 62%
Longitudinal C.G. Calc. (Before Ablation) 19.5% 65.3% 60.6%
Longitudinal C.G. Cale. (After Ablation) 20.1% 68.3% 63.6%
Vertical C.G, Desired ( = ) 3% 0 0
Vertical C.G. Cale. (Before Ablation) 1.4% 0 0
Vertical C.G. Cale. (After Ablation) 1.0% 0 0
C.G. in percent of 1 ref shown below

L-2C W-1l

!
J
|
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A LAUECH ESCAPE SYSTEM

=

Thyust required to separate the Command Module from the
Misegion Module under abort conditions is eritical at maximum Q-
fer all econfigurations. The thrust required is 77,500 1bs. for
2 se¢, for the W-l and 120,000 lbs. for 1 seec. for the L=2C
This differences in thrust requirements is primarily due to the
Grag difference between these vehiocles,

The eame rocket is used in both cases except for a slight
modification. The L-2C rocket is inoreased in length to reduce
burning time to one second, A weight penalty of 50 1bs. is
charged to the eupity case for the additional length inerement.

Yower length is esteblished by CG requirements of the Command
Modnle and rocket packsge on the L~2C, Minimum escape system length
is 200 in. from the nose cep of the Command Module to the LE of
rocket on the L-2C. On the W-l the tower length is established by
Tosket blast clearance requirements. The CC requirements on this
velilgle are met by separating the Command Module from the Mission
Module at a frame 48" aft of the normal wecovery separation frame.
In this manner the skirt remains with the Command Module and moves
the AC aft of the CG.when there is no emergency escape requirement,
such as when re-2ntering from orbital flight, the separation between
the Command Module and Mission Module takes place at the recovery
seraration frame,

Weights for the.integrated configurations were approximated.

4 iater review indicates the approximations shown below for the inte~

Fl

ved versions are too heavy by 200 1b. in both cases.

D
arn
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V-l L=2 ¥=1 Integ. L-2C Integ,
Taers 186 236
Propellant 664 664
Tower 110 163
Separation System Lo 34
Total 1000 1097 1280 1E98

B COMMAND MODULE
1l Heat Shield

The heat shield is made up of a composite of ablators with either
structural insulatiorn and cooling, or a radiant type shield with in-
sulation and structﬁral cooling. The ablator is used to abaorb the high
heat rate peaks, the other underlying layers are used to resist the long
time, lower heating rates.

The heat shield weight is based on consideration of an overshoot
boundary at CL Hax without skip and an undershoot corridor of 60 naut. mi,
from the overshoot boundary, ¥No lateral or local maneuvering has been
considered at this time,

The heat shield design personnel have applied a 25% factor to the
heating rate. The weight group has applied a nonoptimum factor of 15%
to the basic heat-shield weight.,

in the case of the vehicles selected for further study, the L-2C
weight is based on trajectory data for that vehicle., The W-~l heat shield
weight is based on the M-l data since specifie information was not
available for the W-l. Some early indications are that this assumption
may prove to be optimistic. The integrated vehicles had approximately the

sane wing (surface) loading as the modular concepts and therefore the same

unit weight for shielding was maintained.,
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Pertirent data with regnrd to the welght breskdown are as

FoiLinwuss
(1)
(2)
(3)

(&)

(5)

Density of nylon-phenolic ablator is 76 lb/ou ft.

An allowance of 1 lb/sq ft is assumed for the weight of

the super alloy metal and its installation.

Density of ADL-17 insulation, whiech is used with the

super alloy radiation shield is 12 1b/ou f%.

Weight of the structural insulation is estimated at

1 1b/sq ft. This insulation is used when the insulation
requirements are relatively low. Though not as effective

as super alloy and ADL-17, there is no weight penalty re-
quired for attachment since this materisl can be bonded direct-
1y to the ablator and the pressure structure. Another ade
vantage of the structural insulation is that the bond is

good at higher temperatures than the super alloy bond and the
ablator need not be used for insulation to keep the bond
temperature at satisfactory levels.

One~half of the insulation weight is subtracted from the
shield weight and allotted to the shield~-cooling-system

weight,

Tables IV and ¥ show the heat-shield weight distribution for

the L-2C and the Wl modular ooncepta,



Phe heatoshield weight Surmary is as follews:

Ablator

Super Alloy and Installment
vt (1 1v/pm’)

Insulation (ADL-17 and
Structural Insulation)#*

Shielding for Parachute and
Rocket Containers

Prov. for Parachute Risers
Door Cut-Out
Window Assembly

Structure Added for Movable
Shield at Landing

Noncptimum Factor

Total Weight
Surface Area (Sq. Ft.)

M=l _Le2C
437 377
244 216
126 117

20 -
- 22
- 30
- 181
150 145

1140 1188

343 340

W-l Integ, L-2C Integ,

978 961
163 -
20 -

- Iy

- 30

- 249
174 193
1335 1477
Lo7 461

#* Insulation weight shown is only that part coded %o shielding. A

similar weight has been transferred to structure cooling system,
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™ 22-15
2 Eavirvonmenial Cooling Structure

The envirornmental cooling system includes g olosed loop of
etnylene glyecol fluid; a radiator exposed to space and an open loop
of water which is boiled off,

The closed loop is comprised of tubed sheet which forms the
shell of the pressure structure and is coded to structure,

The cooling system is designed to keep the pressure structure at
200°F or less. An optimum cooling system size is theoretically
supposed to weigh one-half of the total insulation required. The
heat~shield weight inecludes the part of insulation weight allotted
to shield weight.

Based on the above with a system factor of 2.3, a system weight
of 126 1b for the W=l and 117 1b for the L-2C would be indicated,
Hovever, a study made by the environmental group indicated a cooling
system weight of 290 1b for a heat rate of % BTU/sec, This weight
incinded 112 1b for boil-off water and had a system factor of 2,6,

A compromise was effeeted to arrive at a system weight by

use of the following formula

s v v

W3
e X Mg s Y5
B,
LV
Where
WB = Vater Boil-~Off Designed by Heat
S Shield Personnel
wB = Water Boil-Off Designated by
¢ Environmental Personnel
Ws<sm Water System Less Boil-Off Water
I8 Developed by the Environmental
Group.
W-1 L=26 Wl Integz., L-2C Integ.
Strst. fooling Wi,

o

i

180 172 201 209



¥ 22-16
A

3 Sizugiuvs

The structure has been designed as a pressure~type structurse
wvherever pessible- All eurved structures form e part of a gphere
exoept for the boittom bulkhead of the L-2C which is designed as a
fiet panel.

The pressure shell is of roll bond or of tubed sheet which holds
the structure sooling water,

The structure required to hold the 12.2 PSI pressure is
relatively light and near minimum gage in many areas. Frame spaocing
is 10" on W=l and 18" on L-2C, There are 3 longerons on the W-1
and 4 on L=2C.

Critical problem areae of the W~1l and L-2C ray be as followss

M=1 The intersection of the two spherical domes of

the aft bulkhead may develop eccentrie loading

which may offset the benefit of a spherical shape.

Some weight allowance has been included for this effect,

The use of beams in this bulkhead is to take care of

3 PSI loads from external sources with no internal pressure.
L-2C The flat bottom bulkhead has been designed for

strength, A rough check indicates deflection may be

& problem and require larger beam areas than has been

anticipated.,

Y-l and L-2C The weight cost associated with making the APU

& separate pressurized area has not been evaluated.,



g 7rescated velows

mommand Hadunls Strant,

#wd Press, Bulkhead

APU - Bulkhead

- L s eyl B g
LT ALL wWeldnt ape

~e

sixdnwn of the four Apolioc sonfigurations

Aft Press. Bulkhead (Bot) 232

Side Press. Skins
Frames

l.ongerons

Fiooring
Intercostals

Yoor Frame and Mech.
Szat Supports
{onsole Supports
Windows 3 at .33% ea.
Separation Fittings
Misc

Camera Window

Wel L-2C W-1 Integ. L-2C Integ
(920) (869) (1156) (11260)

- 52 54

51 8h

Lsy 293

255 62 293

89 18 108

36 17 kg

72 32 96

25 28

25 29 25

30 30 30

30 25 30

15 10 15

10 10

50 59 75

- 50
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4 Flaps
Flaps are located on the bottom and side of the Command
vehicle and provide piteh and yaw control. The W=l configuration
with its split bottom flaps may be able to provide roll control,
The structural weight of the flaps has been derived through
empiriosl formula. Heat shield requirements are based on 50% of

#ugtinioh temperature on the W-l and 30% stagnation temperature on

the L-2C,
w-1 L=2C W-1 Integ, L=-2C Integ,
Flap Structure 73 57
Heat Shield 178 116
Total weight 251 173 320 211 -
Area  Sq. Fto 22 27 27 33 -

Derivation of Struct. Weight

Wel
wb/B -2.31 x 1077 ¢ (Los) 204
b
- 2.3 x 1077 (1.6) (800) 204
= 3,3 1b/
L-2C
o/ = 2.31 11077 ¢ (Los) 2°
b

2.31 x 1077 (2.5) (544) 2°%

2,11 1v/
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5 Surface Controls

‘ Weight studies of a hot gas versus hydraulie pover for the
flap control system indicate the former method is lighter. This
is primarily due to reliability factors. Whereas the hydraulie
system has 100% redundancy, only the servovalves in the hot gas
system require redundancy.

The hot gas system consists of a 400 PSI positive expulsion
bladder~type tank. Tank pressure is supplied by a 4500 PSI helium
source which also pressurizes the attitude control system. Operating
temperature of the hot gas is 1700°F, Actuator pressure is assumed
at 700 PSI. Another advantage of the hot gas system is that since it
is located external to the pressurized compartment, it does not create
heat within the module.

A weight breakdown of the hot gas systems is shown below.

. The L-2C system is based on 3 surfaces, 140° deflection and a
flap moment of 10,000 ft,1b. This system requires a radial actuator
due to the larger flep movement,

The W-l system is based on &4 surfaces, 42° deflection and a
flap moment of 6640 ft.l1b., This system has a lunar actuator.

The modular versions provide the ratios for the integrated versions

by platform area of the Command Module.
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Flap Control Weight Breakdown

¥-1 L-2C W=1 Integ. L-2C Integ.

Hot Gas System (200) (232)
Harmonie Drives - 8k
Vane Type Actuators - 35
Linear Actuators 60 -
Servo Valves 8 6
Transmission Lines 15 15
Propellant (Nénu) 42 29
Tanks 20 9
Valves

Relief I 4

Flow Control 4 3

Gas Generator 5 5

‘ Filter 2 2
Miso 5 3

Pressure Plumbing & Valves 15 15

Mise 20 20

Controls (58) (58)
Control Stiek 6 6
Rate Gyro Package 2 2
Acoelerometer Package 1 1l
Side Stick & Pedal Pick Offs 3 3
Flight Control Units 43 43
Wiring 5 5

Total (258)  (290) (330) (403)
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6 Resction Controls

. The attitude control for the Command Module uses & hypergolio
propellant of K¥,0, and % UDMB/% N H,. Piteh control is obtained by
2 180 1b thrust rockets. Yaw and roll control is obtained by 4
90 1b thrust rockets. A complete backup system of lines and nozzles
are oarried for religbility. The propellant quantity of 80 1b
(an assumed value from propulsion group) is carried in two % oubic
foot spkerioal tanks. The tanks are positive expulsion types
utilizing 4500 PSI helium ga8 as the expulsion force. The propellant
tanks were estimated by using basic stress caloculations for a tank
pressure of 300 PSI. The helium bottle containing .6 pounds of helium
gas is also used to pressurize the N2H4 tank of the flap control
system. The weight of the 150 PSI chamber pressure nozzles, including
injeoctor head and actuators, was obtained from preliminary designs and

‘ wveight estimates made by Rocketdyne.

W-l L-2C W-l Integ, 1-2C Integ,

Reaotion Controls 160 205 225
Propellant 80
Propellant Tanks 10
Pressurization Gas and Tank 7
Nozzles and Valves ;':
8-90 1b units 25 a
4180 1b units 15 §
Plumbing
Propellant 14
Pressurization 4

. Misoellaneous 5



7 Landing System ™ 22-22

The landing system is based on a threefold system, drogue
chute, main chute and retro~rocket, although the drawings show
landing bags rather than retro-rocket for the L-2C., The drogue
chute is an 11 foot ribbon-type and is deployed at 85,000 foot
altitude. The main, deployed at 10,000, is a 47 foot ringsail.
Backup drogue and main shutes are earried for reliability. The
final approach velooity of 70 ft/sec is absorbed by a single-stage
solid propellant rocket utilizing two different thrust levelg. The
sizes and magnitudes of the components for the integrated versions
have been ratioed from the modular L-2C and W-l. The weights of

the various components have been estimated from vendor's data.

W-1 L~2C W-1 Integ, L-2C Integ,

—— =

Landing Systen 450 575 630
Retro Rocket 210
Mounting and Detacting Ring 18
Cable 45¢ 5/8" 7x19 Cable 32 ;7
with Shackles ®
2 Drogue Chutes with Risers 70 ;
2 Main Chutes 70 ﬁ
Sequeneing Equipment, 50

Controls and Displays
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8 Auxiliary Power System

Electrical power is generated, when possible, by solar
cells located on the Mission Module. During launch, guidance
corrections, earth and moon shadow periods and re~entry,
electrical power is generated by two 28 volts DC generators
located in the Command Module. The generators, eash of which
is capable of generating the maximum average load of 2.2 kilo-
watts, are driven by oxygen hydrogen turbines. The turbines also
drive coolant pumps required for re-entry. The mixture ratio is
hydrogen enriched to keep the combustion temperature within limitae~

tion of the turbines., The electrical load requirements are:

Re-~entry 3,65 KwH
Tctal Circumlunar Mission 22,04 RwH
Total Lunar Orbit Mission 46,50 KWH

(14 Day Mission - 50 Mile Orbit)

The oxygen and hydrogen supplies are stored in a super-
critical state in spherical or cylindrical tanks under 400 psia
pressure. The conceptual arrangement of tanks for the modular designs
is an oxygen tank in the Command Module large enough for the lunar
orbit mission and off-loaded for the oiroumlunar mission. Because
of space limitations a hydrogen tank sufficient for ciroumlunar
mission only is located in the Command Module with & second tank
added to the Mission Module when required for a lunar orbit mission.
The second tank feeds into the primary tank as fuel is used. The
drawvings show tanks in the Command Module of insufficient volumes,

but the weights are based on required volumes of 11,5 and 0.9 cu ft.
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In the integrated versions the hydrogen tank in the Command Module
is capable of lunar orbit and off-loaded for the c¢ircumlunar
mission. 4 post landing ecooling of 12 hours is obtained by a 1400
watt hour silver-zine battery. A gasoline engine with fuel for
72 hour post-landing cooling has been disoussed, but since the need
is not olearly defined no weight is allowed for it.

The weight of the turbines with éooesaories and pump pad
and the oxygen and hydrogen tanks were estimated from a eimilar
design made by Airesearch during the DSI study. The other electrical

components were estimated utilizing known weights of similar parts.

W= =2C_W-1 Integ. =2C Inte

Auxiliary Power System 527 75
Eleotrical Generators and Regulators 56 56
Protective Relays 18 24
Ext. Power Receptacle 2 2
Cirouit Breakers 6 6
Bus Distribution Panels 18 33
Recovery Battery Lo K
Battery 18 o
Yoltage Boosters 10 15 -
Voltage Regulator 6 =
Terminals, Connector 20 'y 30 -
Wiring 20 = Lo =
Installation 30 o 38 »
Hz Tank 2.89 Ft Dia 72 ° 114 o
H, Unusable 18 9 36 1

Usable 32 ® 32 v
02 Tank 1.26 Pt Dia 19 19
0, Unusable 11 11

Usable 24 24
APU Units w/Accessories 106 106

and Pump Pad

Plumbing 15 15
Exhaust 10 10
Additional Propellant Required 24 56

for Lunar Orbit
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9 BEBnvironmental Controls

-

The atmosphere of the living compertments is a mixture
of nitrogen and oxygen. The total pressure is equal to a
5,000 altitude (12.2 PSIA) with the oxygen partial pressure
equal to that of sea level oondition. Oxygen is replenished

at the same rate that CO,. is abosrbed from the cabin., The

2
maximum design 002 concentration is 13 times that of sea level
condition. Oxygen and nitrogen is provided to make up loss of
atmosphere for the following assumed conditions,
(1) A leak rate of 0,05 pounds per hour.
(2) Two recharges from a 5.5 PSIA to the desired
pressure of 12,2, The loss of pressure is
assumed to be due to meteorite penetration and
the leak would be repaired by the time pressure
had dropped to 5.5 PSIA,
Oxygen and nitrogen is stored in 6 separate containers with
4 of them being oryogenic storage. In the modular designs the
large oxygen and nitrogen containers are located in the Mission
Module, Reliability is obtained during re-entry'by having both
oxygen and niirogen stored in the containers. The weights of the
oxygen and nitrogen tanks were estimated by comparing them with
known or preliminary designs.
CO2 is removed, while in free flight, by rechargable molecular
sieves and during re-entry by lithium hydroxide. Two molecular
sleves are used so that one can be in use while the other is being

recharged. In case of failure of one unit, CO_, congcentration will

2
be allowed to increase during the recharging eycle. The weight of

the molecular sieves is bvased on vendors! estimates,
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Water is removed from the cabin’s atmosphere by absorbent
sponges and with the urine water is reclaimed for orew's drink-
ing weter. Two recovery units are carried in the Mission Module
for reliability. fhe weight of these units is based on vendors!
preliminary data.

Cooling of crew and equipment is obtained by 130 3q. ft. of
space radiator located on the Mission Module. During luaunch,
re-entry and other periods of radiator inoperatives, cooling is
obtained by evaporative cooling in a water boiler. Cooling during
prelaunch is obtained from a ground based system utilizing freon.
The weight of the space radiators is based on 0.040 roll bond
aluminum tube sheet. The weight of the radiators is 1 psf whioch
includes fluid in tubes and attachment.

Post landing cooling is by eirculating fans for 24 hours.
Power is from the recovery battery included in auxiliary power
system. Although post landing cooling of 72 hours has been talked

about, no weight has been allotted for thie purpose.
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12% D, Sphere

15" D, Sphere

Nitrogen
Oxygen & Nitrogen Plumbing
initial Charge of Air
Filter Assembly Ii H
Molecular Sieve
Cooling System Components
Heat Exchan . er

Water Separator

Fansg

Controls

Ducts
Space Radiator Lines & Fluid
Viater Recovery Unit
Re~entry and Survival System
Water

Water Stowage & Explusion
Snorkel
Lines, Fittings, Etc,

Jupports
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8 8
42
19 128
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23 54
27 27
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12 25
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52 52
16 16
14 14
20 40
10 33




the guidance

a7 AR

zarvially by the welights gection., The items attitude

through position computer listed below ware estimated by the idance
- & - y

o

grsupo This includes the structural panel and controls located on the
ranel. Therefore, the panels and comsolss iisted under funighin

decreased, and the weight for econtrols of the various systems were

deleted or decreased. The weight of instronents will be higher than what
g =

%ould be expected. When more details are known the weight of these
panels can be separated into their respective categories.

e balanze of the instruments was cstimated by using kunown cry
simila» inetruments. The weight of then: items are eniy for the display

rortion of the vanels.-
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W=l TG WO Tnteg.  1-2C Imteg,
o Instruments 260 260 260 260
Attitude (2) 16 16 : 16 16
Thrust 5 5 5 5
Time 3 3 3 3
Ranging System 5 5 5 5
Guidance Evaluation (2) 28 28 28 28
Position Indicator (2) 16 16 16 16
Veloeity Correction (2) 16 16 16 16
Subsystem Status (2) 16 16 16 16
Data Retrieval 5 5 5 5
Vehicle Measurement 10 10 10 10
Reaction Panel (2) 10 10 10 10
Radio Guidance & Data 10 10 10 10
. Entry (2)
Position Computer 2 2 2 2
Periscope 60 60 60 60
Auxiliary Power 1 1 1l 1
Flectrical System 2 2 2 2
Hot Gas System 1 1 1 1
BEnvironmental Control 15 15 15 15
Module Separation 2 2 2 2
Recovery 2 2 2 2
Launch Escape 2 2 2 2
Suit Pressure (3) 5 5 5 5
Alarm (&) 2 2 2 2
Solar Flare Warning (2) 2 2 2 2
' Recording Equipment 2 2 2 2

Installation, Wiring 22 22 22 22



1l. INSTRUMENTATION

T 22«30

The instrumentation system consists of components to collect and

record data and, if required, to condition these signals for trans-

mission. The transmitters are listed under communication and tracking.

The number of end instruments has been assumed to be 50 with 30 of 7" -i

located in the Command Module in the modular designs.

Instrumentgtion
Tape Recorder
Inatrumentation Package
Temp Measuring System
Camera 35 mm.
PCM System
Data Link System
Signal Conditioning Package
Pewer Supply
End Instruments
Wiring, Support

Wl L-2C Wel L-2C
Inte= Inte~
grated grated
98 122
9 18
6 6 S
r
3 3 &
0
3 - 3 3
i st
20 = 20 e
20 3 20 0
o 5 =
g 3
1 1 %
6 10 3
30 36




i2e COMMUNICATION AKD TRACKING

Yor the medular designs, the communication, tracking and tele-
netering cquipment for the Command Module is comprised of the following
units with their designated uses:

(1) VHF transmitter (2). Used for range T/M and
communication,

(2) VHF receiver (2)., Used for range T/M znd
conmunication.

(3) uBF transmitter., Used for rescue communication,
(4) VUHF receiver. Used for rascue communication.
(5) HF transmitter. Used as a rescue beacon.

{6) SHF transmitter. Used fou communication during
re~entry,

(7) C-Band tracking beacon. Used for tracking during
boost, pre and post re-entry.

items 1 and 2 have two units each for reliability. Other tracking aids

are included in this £Ioup.
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13. GUIDANCE

All of the guidance components gre located in the Command Module.
The weights of the various components were estimated from known systems
under development or from eimilar equipment.

Primary guidance is obtained by an astro-inertial platfora
combined with an optiecal tracker. A miniature platform with an auto-
manual tracker is used as a backup. Each system has its own digital
computer. A radio altimeter is used for altitude determingtion during
orbital phases and at re-entry. The weight of the altimeter was taken
from DS-1l.

Radio guidance is obtained by utilizing the VHF Transponder included

under communication and tracking.

Wel L-2C  W-l L-2C
Integrated Integrated

Guidance 220 p

Astro-Inertial Platform 55 @

with Tracker & Electronics Q

Miniature Platform 13 2

Miniature Platform Electronics 12 - :

Digital Computer (2) 4o :: = =

Automanual Tracker 10 ©° 3 @

Automanual Tracker Electronics 10 § § §

Fadio Altimeter 4o O @ A
Digital Data Decoder 1
Voice System Detector 1
Receiver System 3

Installgtion 35
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15. FURNISHING AND EQUIPMENT

The furnishings and equipment carried in the Command Moduie
for the modular versions is that which is required for crew functions.
One-day supply of food and water is stowed in the Command Module

with the balance of food stowed in the Mission Module.

Wel L-2C W=l L-2C

Integrated Integrated

Furnishing and Equipment 239 413

Seat and Restraints (3) 75 75 <

Panels and Consoles 40 40 %

Bunk , 30 %

Survival Kit 60 ) 60 E

Food 4 ° 58 o

Water 30 ° 30 =

Containers 3 g 8 3

Waste Disposal ' 2 22 §

Spare Parts and Tools 25 25 @

Flooring 40

Support 25

16, CREW

The orew weight is based upon a 75 percentile man of 176.6 1b.

plus 33.4 1b. for personal gear and space suit,

3 at 210 1b, each 630 1b,
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C. MISSION MODULE

1. Siructure

The Mission Module structure is identical for all modular designe
except for the fairing between the Command and Mission Modules, The
weight actually includes all strusture aft of the Command Module,
including the Mission Module pressurized capsule.,

The Mission Module structure for the integrated versions are
similar in design except they do not contain the Mission Module pressur-
ized capsule and consequently are shorter in length.

The outer shell of the 154" dia. cylindral shape consists of ,040D
aluminum skin with 12 stringers of 0.36 " crosssection, 12 int. stringers
of 0.140" and 0.40 GA frames at 30" spacing. An .040 titanium bulkhead
at the aft end acts as a flame shield and side supvort for the main engine,

The pressurized orew capsule is a cylinder with two dome ends,

The skin is .040 gage, there are .040 frames at 18" spacing along the
¢ylinder portion and 12 stringer of 0.05Q". There is a window in one
dome and & door in the other dome. The capsule is covered with ¥" LINDE
super I insulation.

A weight penalty of 98 1b. is included in all Mission Modules.

This weisht increase is due to extending the length of the Mission
Module skirt to take care of the propellant tanks sized for lunar

takeoff,
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Mission Module Structure Breakdown

Wl L=2C W=l Integ. L-2C Integ.
Outer shell (765) (671) (598)
Skin 250 190 151
Stringers 102 102 72
Frames 70 69 80
Flame shield 152 152 152
Conical Tank Support 69 - -
Misc. 24 60 45
a For Incr. Length 98 98 98
Pressure Module (329) (-=) (==)
Skin 171
Stringers 5
Frames 14
Window (1) 15
Door (1) 30
Flooring 37
Misc. 24
Insulation 33
Total - Common Parts (1094)
Attach. to Command Module (167) (110)
Skin 98 59
Frames 3 30
Tunnel 37 11
Misc. - 10

Total Mission Module (1261) (1204) (671) (598)
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2. Reaction Controls

A hypergolic propellant mixture of NZO# and 1/2 UDHE/%Naﬂk is
contained in the Mission Module to control the altitude of the apace-~
craft during free flight and moon orbit, end to supply power for
guldance corrections. The altitude control nozzles consist of two
systems with each system having two 3C 1b. pitch and four 15 1b. yaw
and roll nogzzles. The vernier noszzles are two 300 1lb. thrust units.
They are canted 20 degrees so as %o minimige pitching due to one engine
failing to start.

The propellants are stored in two 6.5 cu. ft. spherea. The tanks
are pressurized to 300 psj. by a 4500 psi helium source. The present
size of the tanks are vot sufficient for the required propellant. It
will be necessary to enlarge the tanks to approximately 7 cu. ft. each.
Nozzles were es’imated from study made by Rocketdyne.

Propellan?’, required for altitude control is based on the number of
times the spacecraft will be reorientated for solar cell alignment, star
tracking und guidance correction. The total number of turns was caloculated
to be 201, For the assumed turning rate of 10 deg/sec., this required
241 1b. of propellant. Including propellant for limit ¢ycle and correce
tive iapulse, the total amounts to 279 lb. This was grbitrarily decreased
by 35 1b. when a radiation shield was added.

The vernier fuel was calculated for velocity increments required
for guidance corrections.

For all the missions, propellant weight equivalent to three percent

of maxiaum volume was considered trapped in the tanks and lines.



Regction Control

Nozzles
8 Roll & Yaw 15i T.
4 Piteh 30# T.

2 Vernier 3007# T.
Tanks - 2 at 6.5 cu. ft.
Pressurization
Plumbing and Controls

Propellant
Trapped
Ullage
Altitude Control
Vernier - Circumlunar

W=l

1 ok

10

O

k3
25

27

24y
576

L-2C

Same as W-l

Wl

TM 22=39

L-2C

Integrated Integrated

Same as W-l

Same as W-1
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3. Auxiliary Power System

Electrical power is primarily derived from 288 8q9. ft. of solar
¢ells. These cells are arranged in 12 panels folded into the surface
of the Mission Module during launch and, once in 8pace, are erected
by rotating them 90 degrees about their aft end. During launch the
panels are held down by their hinges on the aft end and a circunfer-
ential band located 30 % from the free end. The band is segmented
into three sections of 120° each and are connecied together by ex-
plosive bolts. The solar cell arraye were calculated from stress
requirements for the skins and core. The skins vary from 0,008 to
0.016 aluminum and the core is 3/8 x 0,001 and 3/8 x 0.002 aluminum
honeycomb. The structure including hinges;, springs, and tiedown strap
weighs 0,969 p.s8.f. The cells including bond and wiring weighs 0,51
poe.f,

In the Modular concept, the Mission Module contains a booster
batiery and power distribution for the equipment located in this
medule. For the lurar orbit mission, an additional hydrogen tank ig
installed in the Mission Module.

In the integrated version all of the components with the exception

of the molar cells are moved to the Command Module.



Auvxiliary Power System
Battery
Voltage Booster
Voltage Regulator
Relays
Distribution Panel
Wiring
Installation
Solar Cell Array
Sclar Cell Tie Down

Additional Auxiliary Power Fuel
. Required for Lunar Orbit

H, Tank and Plumbing 2.89' Dia.

Ha Unusable

Usable

W-l L-2C W-l

514
18

5

6

6
15
30
8
411,
15

127

77
18

32

Same as W=l

Integrated
426

hil
15
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L-2C
Integrated

Same es W-1 Integrated
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L. Zavironmental Controls

The environmental control system has been briefly described under
Command Module weight derivation. Due to space limitations the large
ccmponents are located in the Mission Module. The integrated version
of Commaad Module contains all components of this system with the ex~
ception of the space radiators. It was assumed that the same components
would be required for the integrated versions as for the modular ones.
Some weight would be saved in the integrated version since duplication

would not be required to the extent that it is in the modular concept.

Wel L~2C W=l L-2C
Integrated 1Integrated

Environmental Control 798 135

Oxygen System

17" D. Sphere L2
Oxygen 109
Nitrogen System o
15" D, Sphere 25 %
Nitrogen 51 o 5
= S
Oxygen & Nitrogen Plumbing 20 9 S
Molecular Sieve 61 o i
Cooling System Components § =
Heat Exchanger 15 :
VWater Separators 3 %
Fans 5 “
Controls b
Ducts 13
Water Recovery Unit 150
Space Radiators 135 135
‘ Space Radiators Linea & Fluid 90
Lines. Fitting, etec. 20
Supports 23

Initisl Charge of Air 31
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5. Instrumentation

The only insirumentation components located in the Mission Module

ars a tape recorder, signal conditioning package, and twenty end

ingtruments.

W=l L-2C W=l L-2C
Integrated Integrated
Instrumentation 2k 0 0

Signal Conditioning Package 5
End Instruments 4 o
Tape Recorder 9 ;
Wiring, Support 6 a

A
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6. Communication and Tracking
In the modular designs, communication, tracking and telemetering

squipment for launch and deep space probes are contained in the Mission
Module. In the integrated version all of these, with the exception of

the antenna, have been moved to the Command Module. The equipment re-

quired for launch and deep space probes are listed below with their

aesoclated functions.

(1) S-Band transmitter (2). Used for DSIF telemetering and
communication.

(2) S-Band receiver (2). Used for DSIF telemetering and
communication.

(3) VHF transponder. Minitrack response and communication.
(4) C-Band transmitter. Used for tracking during boost.

(5) X-Band Beacon. Used for tracking during boost.

W-1 L=-2C W=l L-2C
Integrated Integrated
Communication and Tracking 25.0 30.0 -
S-Band Tranamitter (2) 6.0 E:
S-Band Receiver (2) 1.0 §
S-Band Monopole Antenna (4) 4.0 L 4.0 E
S-Band Parabolic Antenna (2) 16,0 = 16.0 ~-
VHF Transponder 1.0 - =
C-Band Tranemitter 4,0 o a
X-Band Transmitter 5.0 5 §
C/X Band Antenna (4) 8.0 8.0 @

Wiring, Support 10,0 2,0
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7o Eelzatifie Bowipnont
fHoet of the scientific equipment for the modular versiouns ig

locyted in the Mission Module. In the integrated versions it was

all considered to be located in the Commangd Module, but the various

Sensors will probably have to Temain in the propulsion module. This

latest estimate exceeds the weight allowance for soientifie equidnent

by 100 1b.
Wel  Le2¢  wop L-2C
Integratea Integrated
Sclentific Equipment 105 0] 0
Camera J.OO
Radiation Detector (L) 12 H
Hicrometeorite Detector (3) 15 =
Solar Flare Sensor (2) 8 ]
Experimant Storage 30 §
Wiring, Miss. ' 4o @
Less
Differance allowance to ~100

est,
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8, Fur-.ishing and Equipameut

Food for three men for thirteen days is stored in the Mission
Module. It is assumed to be the multi-metal tube (MMT) diet of

1.38 1b. per/man per/day.

W-1 L-2C W-1l L-2C
Integrated Integrated
Furnishing and Equipment 174 (o] o
Food 54
Containers 5 1
Waste Disposal 20 =
Bunk 30 E
Flooring -
7

26,6 Bq.ft. X 1.5 #/8q.ft. 40
Equipment Supports 25
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D. PROPULSION

The mein propulsion system is used for major guidance ocorrections,
injection and ejection from a lunar orbit, turn around and lunar take-
off. The tanks have been sized for the lunar takeoff which is the mission
that requires the largest velocity inerement.

The tankage as shown on the inboard drawings is made up of e
395 ocu. ft, toroidal hydrogen tank and a 120 ou. ft. conical oxygen
tank, For the present weight estimate, it will be necessary to increase
the capacity of the tanks by five percent. The hydrogsen tank was
estimated assuming an average thickness of 0.072 aluminum and one in.
of Linde Super I insulation at 4.7 lbe/bu. ft. Later analysis indicates
the insulation should be 0.5 in. of Linde Super I and 0.3 in. of styro~
foam, The oxygen tank was estimated using gauges as supplied by streas.
The oxygen tank is covered by 0.5 of insulation.

The main propulsion unit is the P, and W, XLR 119 with an extra
inducer so that the engine will funoction with a NPSH of zero at the tanks.
The assumed Isp of 430 was used for propellant calculatione. The main
engine is gimbaled two degrees. A weight allowance of 40 1b. is carried
for this purpose, This allowance is based on first stage Vanguard gimbaling
controls which are similar to Apollo’s requirements.

The estimated 100 1b. of plumbing is based on the vlumbing system
of Saturn C-2 SV stage.

The unusable propellant is based on engine manufacturer specifications
and previous design experience. The amount of unusable propellant varied

for different missions and was estimated using the following assumptions,
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Type of Loas Amount of Loss
0
BZ 2
frapped in tank and 2% Tank Capacity 0.4% Tank Capacity
retained vapor
Trapped in Engine 1 1lb. 5 1b.
Trapped in Lines 2 1b, 30 1b,
Startup / Engine Start
Precooling 5 1b, 10 1b.
Startup 7 1b. 35 1b,
De cay 1 1v. 5 1b,
Boiloff
Circumlunar 3-.5% Tank Capacity 0.5% Tank Capacity
Lunar Orbit 7% Tank Capacity 1% Tank Capacity
Lunar Takeoff 3.5% Tank Capacity 0.5% Tank Capacity
Outage 5% Usable Amount

For the W-1 design this amounts to the following unusable propellant
for the three missions:

Circumlunar Lunar Orbit Lunar Takeoff

Trapped in tank and retained vapor. 70 70 70
Trapped in engine 6 6 6
Trapped in lines 32 32 32
Startup 63 189 126
Boiloff 1ok 208 104
Outage 3 6 10

Total unusable 278 511 348
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W=l L-2C W-1 L-2C
Integrated Integrated
Propulsion (1348)
Engine 330

Hydrogen Tank

Skin, frame, etc.
367 oy £t x 1.0k 1b/ 5q £t 382

Insulation
367 sq £t x .39 1b/sq £t 143
Baffle 5

Oxygen tank ) o n
Dome 9220 x .051 x 0.1 49 = = =
Cone 9504 x .080 x 0.1 78 3 a e
Angle - 10 g g g
Tank fttg 10 “ @ “
Baffle 15
Misc. Stiffeners 15
Insulation 26
130 s3 f% x .2 1b/asq ¢

Gimbaling Control 40

Tank and Engine Support 145

Plumbing 100




Summary

Command Module
Flap Control Naﬂu

Auxiliary Power

Hz Unusable

Usable

02 Unusable

Usable
Reaction Control

820#
UDMH / Naﬂh

Misaion Module

Auxiliary Power

Hz Unusable

Usable
Reaction Control & Vernier
Trapped
Ullage

Naok

UDMH / Nznh
Attitude Control

Nao#

UDMH / Nzﬂ“
Verniers

Naol+

UDMH / NZH#

Main Propulsion

Hz Unusable

Usable

02 Unusable

Usable

Wel

of Propellants
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Circumlunar Lunar Orbit Lunar Takeof?

b2

(85)
18

32
11

24
(80)
53

27

(854)
27

163
81

384
192

(2984)
115

451
163

2255

b2

(109)
18

32
11

48
(80)
53

27

(50)
18

32
(1123)
27

13

163
81

355
277

(6588)
205

1013
306

5064

42

(109)
18

32
11

48
(80)
53

27

(50)
18

32
(388)
27

5
2

82
40

155
7

(10672)
135

1721
213

8603
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& Soaeral fpececrsft Requirements:
Filagicn Objechives:
L.22 The basic miasion objectives are to prove the feasibility

of pructical manned space flight by successfully devolop-
ing a spacecraft with the following capabilities.

2313 To mavigate earth-lunar space with a craw of 3 wmea.
A12 To perform safaly a planned space migaion from
' earth launching.
I13 To return and re-enter the atmosphere safely up to
maximum ¥elocity.
R To execute a gafe landing in ths area of & pre=-
cotermined eite on either land or water.
R le provide for a poriod of crew survival sfter
landiug of not lesw tkan 72 hcure.
-4 Basic mission flight plens are evelved from the folilowing:
W Lunar rsconanmissance {lighta
L.oA233 Cislunar or circumlunar flight
O DA Lunar orbit

Lunar Landing (Projected futurs, but not a prew
sent requirement)

warth orbit flights.

o122 Crew training in orbit
1222 Scientific experiment
P.1z22% Orbit reniezvous {Prcjected future, but not a

present requirement)
) Duration of Flight

Tae spacecraft shall be capable of a maximum duration
of mission of 14 days.

Graa
J
4

RO, In avent of an smergency such as & solar flape
lzuedliately followiag injection into lunar trajaciory.
the marioun duratioa of space f£light undar radistion
expcsure ghall be 5 days, assuning full utilization
ef the abort capanhility inccrnorated into the spacecraft.
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1.33
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o TM 23-9

Nominal circumlunar mission flight time shall
be 170 + 10 hours.

Migsion Abort Capability

In event of malfunction of systems, equipment, or instru-
ments, or for any other emergenecy requiring an abort of
the misgion, or escape by the crew, the following capa-
bilities are incorporated into the spacecraft,

On Launch Pad or During Boosted Flight: Crew
escape prior to or during boosted flight by
escape and/or separation rockets,

Outgoing Leg of Lunar Trajectory: Retro-capability
to arrest flight duration and distance after
injection in the outgoing leg of a lunar trajectory.
Lunér Orbit: No abort capability except normal

ejection from lunar orbit on the next clrcuzt
around the moon,

Return Leg of Lunar Trajectory:s No abort capability
except midcourse guidance corrections on a return
leg from a lunar trajectoryo
Re-entry: Re-entry abort capability by means of a
skip out maneuver in case of positioning or re-entry
angle errors. This allows a second chance at re-entry
positioning.
Lzunch Boosters:

Earth Orbit Flights: Saturn C~1 Booster

Lunar Trajectories:
Saturn €-2

Booster Payload Design Limitations:

Saturn C-1 iﬁarth orbit)
Saturn C-2 (Escape)

General Design Concepts

Design Objectives:

“I
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2.12

2.2

2,21

2,22

2,23

2,3

2,31

2.31

TH 25-10

The spacecraft and subsystems shall be designed

for the basic luner orbdit mission with consideration
for future growth to the dunar landing mission.
Propellant tank volume and module size for lunar take-
off shall be intially incorporated.

For earth orbit training flights and the e¢ircum~
lunar or lunar orbit missions, the basioc spacecraft
shall be in an offloaded condition consistant with
booster payload limitations.

Internal Environnents

A shirt sleeve environment shall be provided for
the orew in space flight.

Space suits are also provided for the orew for
use during launch, re-entry, or during emergencies.

A cabin altitude of about one mile (12.2 pei) shall
be maintained as the minimum air pressure required
to maintain maximum sustained working efficiency
for the orew.

Module Concept

The spacecraft shall incorporate specific modules
that may be expended or disposed of as the mission
progresses, similar to staging of booster rooketa.

The subdivision into modules shall be done in the
most expedient manner consistant with maximum
efficienoy for performing the overall mission
objectives,

Currently, the module breakdowns being considered
are as follows:

Escape

Propulsion

Lunar Orbit Mission

Command Center (also Re~entry Module)
Lunar Landing (Future growth)
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Pirst pricritics ave smessigned to tkose functions necessary for

mesting the mission primary cbjectives. Any equipment, systems, or

ingtrumentation whose malfunction would Jeopardize attzioment of these
WO u’d fall in thls category. If malfunction or feilure

to aunch, this would be cause to hold or scrub the

made,t If malfunction cccurs in £light, and

nade, this would te cause to gbort the mission,

will e designed fcr the highest probability

vatues of succeszsful operation.

Sacond priorities are assigned teo those functions where redune

'8 or where non-vital parameters are measursd or controlled,
#ich g wesgureaent of overall performance of the spacecraft or come-

rorcito thereof, squipment, systems, or instrumentelion whose mol-
& { > H B 5

aopardize only supesficially, the atiteinment of the

Sull o minsicon objectives will be asmsigned sccond priority. If one of

ratlfunciions oscurs prioer %o final fueling of the booster, it
mall o congtitute cauvse to hold or scrub the f£light. £ the malfunction
wosurs alter finsgl fueling of the booster, 2 hold shall be 2% the dis=
sreticon of the commanding officer of the snacecraft or the HASA
Urevntions Divcctor.

Third pricrity is assigned to functions asso ted with gatheriug

cia
¢t for future flights or for supplementary data for overall flight

-

cvasuntions  lMengurements other thar the minimum reguired for a success-

sission weuld fall in this category. HMzifunctions of equipment,

» ingiruwenits in this case would only affect extra data
ssion requirements. Third

P

old after countdown has

nee basis may be nmade at the discretion
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Design Weights

Launch Weight - Total weight of the
spacecraft at time zero,

Maximum Allowable Weights

Launch Escape Weight Prior to Injection:
Launch weight of command module plus launch escape
rocket and support. Mission module and space
propulsion systems are not included,

|
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Yaximum allowable weight =

Mission Abort or Turn Around Weight - Total weight of
spacecralt less launch escape rocket and support.

Maximum ellowable weight =

Lunar Injection Weight: Total weight of spacecraft les
the following:

Lauach escape rocket and support
Vernier engine propellant tor AV 225 ft/sec.

Food, water, environmental control items, or other
axpendables that may be expelled from the spacecraft
ip the first 72 houra following time zero.

‘laxizum ellowable weight =

Lunar Ejection Weight: Lunar injsction weight leass:

Space propulsioa propelilant for AV = 2750 f£%t/sec.
Veraier propellant for = 100 f%/sB&cC.

Haximum allowable weight =

Re-entry Weight: (At beginring of re-entry for both
abort and normal re-szutry)

Launch weight of command module alcne
Maximum allowable weight e
Landing Weight, Drogue and Main Chute Deployment:

Bsczpe Condition: Launch weight of command module
only. '

Maximus allowable weight =

iNormal Re~entry: Launch weight of command module

leses weight of expanded ablation maierial and coolent,
g Y

diaximum allowable weight =
Laading Weight, <arth Impact

teuape Copndition: launch weight of command module
lees drogue snd main chute weight,

Maximum allowable weight »
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%3

tormal Re<snteys:  Loaunsh weight of cosmand module,
Lagar

Drogue zad mein chute weights,expended ablatiom
paterial and coolent weight.

2
Maximum aliowable weight =
Flotutioa Weight, Water Landing

Landing weight-earth impact, less detachable
portions of residual heat shield.

Mayimum allowable weight w
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Service Life and Malfunotion Criteria

The design of the spacecraft shall be based on a
philosophy of maximum reliability to complete the migsion
or to return safely in event of a malfunction. This is
done first by setting up realistic design service life
goals for components and systems and then by providing
redundancy sufficient to isolate and constrain single

failures to prevent growth into catastropic failure,




2
o]

=
ARG

. Lo

iy

followicg essumotions ars made

e

e

TH 23-16

: sbructure shall be operated for the following nunber of

»

Expendable structure ] mission
Recoverable structure > missions

‘he structural design life span shall be determined as follows.

Design Life = v ¥ K
SRR ML
v, = number of missions
i factor for equivalent accumulated testi time = 1.25
**ﬁT = Factor for life predicticn = 1.5
o

Bxpendable = 1 X 1.2% X 1.5 = 1.88 missions

Hoecoveranle = 5 X .25 X 1.5 = 9.37 missions

P N 4 - X pme 5
shdonal Systonms:

order Lo esiteblisbh the design life goals for functional systens

= Fagtor for accumulated sguivalent test time
ET = 1.5 for continvous operating systeums
KT = 2.0 for intermitiznt overating systems.
il G 7

By o= Factor for 1life prediction = 1.5

Cp = Ratio of "on" time to total mission time
% = Total time for maximum mission, {(aprs.)

Design 1life = &C.tK K, (hrs)

L

S represents approximate expended envirconmental life prior to launche.

‘slerance on ability bto predict faltigue 1ife of 2 composite structure
1

approximately +50% based on aircraft criteria.
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LIFE SUANS FOR FUNCTIOHAL SYSTEMS
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Malfunction Criteria for Design

Wherever practical and feasible, the
design philosophy for the spacecraft shall
be as followss

Single malfunctions shall be considered
in determining critical design conditions.

The spacecraft ehall be designed such
that sequential type failures are prevented
to as great s degree as possible, This shall
be approached by providing suffiocient re-
dundancy in systems and structure to isolate
and confine failures.
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L.OAD FACTCR ITEM MAXIMOM
LIVIT g'a.

Boost Phase:

Axial -~ Saturn C-l, first stage burnout 6.5

Axial - Spturn C-2, second stage buraout 5.2
figsapes

Axial - Escape Rocket from launch pad 20

{Tommand module & escape tower only)

Spage Flight: _
Lunar injection 1 1.2
Wt. = 15,000f#

Lunar ejection

Wt.; ™ ].3»1500#

Migsion abort

Wt. = 13,5004
3

Return leg guidance } 1.35

Engine
>. 17.500#
Thrust 1.3

Reentry:
Reenltant zirloads. ccmmand wmoduls only 10
(Maximum undershoot angle)

Chute Daployments
Drague chute
Main chute

AN

Lapdings

Uu: mand module
82 iiiir i}m witn landing 16

bags

Ground Handling and Heistings:
Componentsa
Total spaceocraft 2.67

Eguipnment Containments
ea =avew provecticn 67
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Transportation Load Factors
The following load factors shall be applied to

the shipping container supports with the spacecraft

packaged for transport.

BEquipment Mounting Load Factors - Sonic Vibration Criteria.
Presented herein is a preliminery estimate of equipment
support load factors based on a rendom sonic vibration input
derived basically from Titan I flight vibration date and
adapted to the Apollo vehicle., Consideration is given to the

following noise sources,

I3l



5-1 Saturn booaster noise field.

noise at upon ascent
QL8 qmax p °
t upon re-ent

8% Qpax UP Yo

rocket noise field.

TH 2321

Aerodynanmio
Aerodynamice noise

Sea level escape

3.231 Spaceeraft Sonic Vibration and Limit Load Factor Data
Sound Pressure Vibration Level, | Equipment Support
Condition | Level - 4b £ ros Structure Load Factor,
Mission | Commend | Mission | Command
External|Internal| Module | Module | Module | Module
Lauach 145 125 15 5 4o 15
Fix q - ascent 144 124 20 5 50 15
Max q - re-entry| 145 125 - 5 - 15
Sea level escape 170 150 - 35 - 90
Space flight
(Engine inducead 5 5 15 15
vibration)
Space fligh®™ e
{Engine mounted 4s - 110 -
structure)

These load factors deorecase linearly with inereasing

equipment weight for weights in excess of 50 lbs. These

factors apply only to acoustically and mechanisally induced

vibrations and do not include acceleration and transient shock

loads,




Interior oprassurizetion of fhe inhabited
volume of the spacecraft chall be maintained as follows:
Upcn entry of the erew into the spacecraft
for final countdown, the vehicle shall be pressurized
to 12,2 psi above sea level ambient,
A oonstant differential pressure of 12,2 psi
shall be maintained across the vehicle pressure
wall during exit“’gggee flight., Upon re-entry the
differentiﬁl pressure system is deactivated except
for pressure relief valvea.
Upon deployment of the main parachute, a vent
is activated to egualize the interior and exterior pressurs
on the command module to insure pressure relief at landing
impaoct. For normal flight this occurs at 10,000 ft., at
an atmospheric pressure of 10 psi. For escape from the
launch pad this occurs at the lower altitude of deploy-

ment.
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Haximum Booster Shear and Bending Moment
The Saturn Booster is designed for the
following maximum shears and bending moments
at the spacesraft separation plane.
Saturn C-1 Vehicle
Maximum Transverse Shear = 17,700# (limit)
Maximum Bending Moment = 2,8x10° in# (limit)
(Condition: t = 55 sec., q = 5,34 #/sq. ft.,
= 5.6°, =« 14°, 3 engine control)
Saturn C-2 Vehigcle

Data not available at present.
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3.h Gust and Wind Shear Criteria

Since AMR is the only launching site considered
for the spacecraft, then gust wind speed and wind
shears utilized in design shall be for the immediate
vicinity of Cape Canaveral, Florida., However, since
aborted flight can cause a landing over a wide area
of the earth, global gust and wind oriteria shall be
‘utilized in design for approach and landing conditions,
Other limitations are applied to wind velocity and
gusts while the spacecraft is on the launch pad.

3,41 Cape Canaveral Data, Ground and Boost Phase GCusts
and Wind Shears

~ For launch and boost phase of flight, 2 probebility
data for the worst wind month at Cape Canaveral (Same
as Saturn Criteriec) shall be utilized for design. (Refs
George C. Marshall Space Flight Center Memorandum, E.D.
Geiseler, Consolidated Wind Magnitude, Wind Shear, and
Wind Speed Change Criteria for Saturn Vehicle Design,
October 4, 1960), See atinched copy.

3,411 Wind and Gust Velooitiss -~ On Launch Stand

The spacecraft shall be designed for a 60 ft/sec
steady wind in combination with a + 30 ft/sec horizontal
step gust. For higher velocities, auxillary supports
are assumed.

During final ocountdown, the maximum steady wind
shall be 40 ft/sec in any direction in combination
with a step gust of + 20 ft/sec or as limited by
Saturn booster design conditions.
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Trajectory Data

(a) OGround launched earth orbit and lunar trajeciories
ere planned on the basie of avoidance, where possible,
of the Van Allen Radiation belts eround the earth,
Launches will be from AMR and tske maximum advantage
of the polar radiation windows upon exit and re-eniry.

(v) Earth orbit trajectories for training flights are
linited to orbit altitudes below the inner Van Allen
belt,

(¢) Earth orbit redesvous trajectories sre planned as
an item of future growth.

The following rajectory data is used for current
gpacecraft design.
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crponents of ionizing vadiastion ghall
provide doita on Barth-Lunar Space.

2d shall bo aubnitited $o NASA for

% secondarico

& secondariee

detected in the future, undetecied as yet)
snd secondar:e:
snd secondaries
Rediation

specﬁrum

ry spectrum

ondary spectium

¥agnetic Pleld
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600 BT/ hr/man

a, 2.367 #/man day
ﬁOp production 2.8 #/man day

ﬁgoAgfodncticn 8.0 #/rvan day
fespireifprespire& 3.45 #/man day

urine 4.2  #/man day

feces 035 #/men day
Food (assumed dvy food ration l.d  #/man day

Water (Drinking & food aixing i0.00 #jﬁan day
mamitatios

ood for 3 man foyr 14 days is stored in the
-
e CL e

8 carried aborad,
rbed moisture from

vater of drinking




TV 2332
Cabin Conditions

Cabin total pressure (632 mm Eg, 12.2 psia)
(equiv. to 5,000 f£t. alt.)

Partial pressure

02 159 mm Hg
Inert gas (Nz) 459 mm Hg
Water Vapor 11 mm Hg

Equivalent to 50% rel.
numidity at 68°F at

sea level
co, initial -3 mm Hg
002 naxo 3.8 mm Hg
Trace gases ———
Air Temperature 70°F + 10°F
Re-ontry wall temp, 200°F max.
Air velooity 4o £t/min (mex.)
Leakage »05 #/hr. at 12.2 psia

diff. pressure
Free ion limits in ecabin air Ion count ?
Air supply
2 complete charges from 5.5 psi up to 12.2 psi

plus normal leakage and metabolioc requirements for
14 days,
002 Absorption reserve:

Recycle and ejecvwion eapability in mission module,
200% reserve of chemical absorber in re-entry vehicle,
Cabin conditioning for .2 hr. post landing survival
using ventilating fan t» pull in outside air. Residual

02 alsec available.







3,93 (Continued)

Substance

Free ions

Source

Plastics

Metals

Irradiation of
cabin air

™M 2334

TLV in ppm

Ion count?




112

T

1

HA

A
N

It
=~

5

]
KR W]

~

s vl
; .
’
yu
I
ooy
.
o &)
N i




o

02
L.21

4,211

4,212

4,22

4,23

&

2

™ 23.36

shield

ty¥ypes., the Zollowing heat pulse criteris are established as

ghown in Fig,
= heat shield d-sign flux at any point = q, (Limit) x 1.25

= BIU/ft.%/sec.,
wheres Q; = nominal limit input heat flux at any

Y1t

point on the reentry vehicle
from reentry trajectory design

gonditions.

Migiribution of Q1 at any point varies with time, angle of
attack and position on the reentry body such that the following
heat pulse valuee are not exceeded.

“sdiation shielde, unaided by use of ablation coabtings, shall be

esigned for a heat pulse in which the maximum flux does not ex~
ceed the followings
Iy
= £ {",
ap =0 & (T,,.)

Where: § = Stefan-Boltzmana Constant

& = Surface emisgivity

TMax Allowable operating surfuce temperature of

radiant shield
The heat pulse for design of ablesion material extends to a
minimun fiux value with time, such that after depletion of ablation
anterial, the heat flux to the radiation shield under the ablation

material will be no greater thans

A 4

Tenperature resulting from Uyt shall be combined with limit loads
or ulsimate ioads shail be combined with temperatures resulting from

nominal heat flux, 7., whichever is the most critiecal.

h ag the ocabin pressure wall shali be limited to

Y
~ design maximum temperature of 2C0°¢F.

Fiseellinpeous Heat Pluxes

Agcent healting {Mux “7
Ultimate

Soler heat flux r’ factor = 1.00

zr%th shine % moon ghine flux _J
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4.3 Design Allowable Criteria - Structural Materials

Li.31 HMetallic Materials Applications:

Three distinct thermal usage ranges shall be considered in
determining metallic material allowatles for structural design. The
following sketch shows a typical short time teuslle strength-te.ipsrature

diagram in which these ranges have been superimposed.

g— 1 No Significant Permanent Thermal Effects.
Conventional Properties,

— II gt Structural Properties Vary with
Accumulation of Stress-Temp-Time
Exposure. Upper Temperature Limit
for Efficient Primary Structural
Apnlications

5 ¢—1I1py. Non-Load Critical Applications,.
&0 Temperature Critical for Oxida-
8 tion, Creep Deformations, Etc.

-_:;
{921
Typical Strength -
Temp., Diagram
(30 ¥in. Soak)
X
TEMPERATURE
FIG. 4.311 TEMPERATUAE RANGES FOR METALLIC MATERIAL DESIGN ¢
APPLICATIONS

The determination of design allowa:les for metallic materials

applications in each range are outlined in the following paragraphs,
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L.333

L,33
L.331

™ 23-39

Temperature Range I:

Within this temperature range the basic properties of netallic
materials are essentially stable, and can be considered to vary
slightly with level of temperature. However, for design applications,
no permanent thermal effects are considered, Standard material
properties data may be utilized for static design.

The upper limit for this range 1s the temperature where thermally
induced changes in material properties become significant for design.
An approximation of this upper limit may be made by taking the
temperature where the conventicnal 30 minute soak strengthe
temperature curve initially begins to change shape rapidly as
indicated in Fig. L.311.

Sources of material properties data are manufacturers
minimum guaranteed properties, }Mil HDBK-S5, the Martin Structural
Design Manual, or minimum properties derived from sufficient
specific tests to estatlish 30 probability values.

Temperature Range II

Within this temperature range, metallic materials are

still considered for primary structural applications. Properties
vary with temperature level and with the degree of prior exposure
to a stresse~temperature-time environment. The definition of the
upper limit of temperature for this range is rather arbitrary.

The main point to consider is structural efficiency, This can

be influenced by either the creep rate, the strenght/density or
modulus/aensihy ratios for a given material., If these exceed or
drop below required values as established for a given application,

then the material would no longer be considered for the application,
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L.333

"

The temperature at which this transition ocurrs would be
considered the upper limit for the temperature range.

The difficulty in pinning down a finite value for this
temperature limit is characterized by the varied requirements
and limitations for different design applications., By in-
specting available test data on any given material, a sort of
rationalized temperature limit can be arrived at, that falils
somewhere on the steep slope of the strength-temperature curve,
Figo L4.311,

The problem of predicting material propertiss in this
temperature regime, with suitable accounting for the effects
of prior history, has besen approached in many ways, To date,
no reliable methods have been evolved that enatle prediction
of material nroperties exposed to complex environments.

For a given design protlem, it is necessary to estatlish
allowatle properties for materials. The variable properties
in this temperature regime have led to gross confusion or
unenlightened approximation which is not compatable with
requirements for minimum weight and highly reliable structure
for the spacecraft. More definitive methods of determining
material allowables for complex stress-temperature-time interactions
are needed without the complication of duplication of the
environment in material tests,

If certain design assumptions are acceptable for tae
detail design of specific spacecraft structure, then the
method outlined on the following pages can be utilized to

yield reliable design allowatles.
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™M 2341
These design ascumptions are as follows:

Minimun material properties ocurr at the maximm structural
temperature encountered with suitable prior history accounted
for,
Creep in the composite spacecraft structure will not be
gignificant due to use of design factors of safety, caoice
of materials with high structural efficiency, and due to the
low period of time under the environmental extremes of stress
and temperature normally experienced by the spacecraft.
The structure can be considered critical for peak envirommental
conditions encountered.
Compression properties are assumed the same as tensile properties
for all structural metals.
The effect of prior history of exposure on the properties
of materials can be determined in a reliatle manner by an adaption
of a method of random statistical sampling as reported in WADD=-
TR 60-777. The total population of variatles
and variable interactions (stress-temperature time) can be
sampled with comparitively few tests. The scatter tand of
properties can be determined, as influenced by prior nistory of
exposure over the whole black of envirommental variatles,
Minimum properties derived from these scatter tands can then
be utilized as design allowatles, with the assurance that the
envirormental degradation will not exceed these minimums within

the temperature regime.
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The key to the random method is the technique for evaluating
representative environmental change in properties. This is done by
first separating the parameters lnto increments of stress, teuaperature,
and time. Then applying these in random combination on soecimens
sslscted at random, such that all tests are run for identical
times, The sequence of application of basic combination step
functions, and the final static test temperatures are also chosen
at random. By means of this randomization, the material property
data thus derived should te a representative random sample spanning.
the entire range of envirommental effects within the regime investigated.

4,335  Table L.3351 shows a complete random sampling schedule for any
material within a critical time dependent envirommental range.
32 separate specimens are utilized to sample a factorial of &
variable combinations. See Fig. L.3352. By applying these in
four separate sequences, a total possible population of 6&1‘
(16,777,216) variations are sampled,

The basic problem of walidity of the data lies in complete
randomization without introduction of bias. The tests must be
conducted as accurately as possible exactly as the schedule
indicates: Each number test must be treated individually in
sequence, Attempts at grouping for ths same temperature or
other methods to shortcut time should be avoided as they would
tend to blas the results.

The total time for each test is the same., A value must be
chosen that is compatible with inducing significant degradation
in the material from the standpoint of overaging and straining
within the temperature regime. This time increment and the

corresponding range of stress should be selected such that the

worst combination of variables would be sufficientlv severa to
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PABLE L.3351
STRESS - TEMPERATUKE - TIME EFFECTS _
GENERALIZED RANDOM SAMPLING SCHEDULE FOR MATERIALS

‘Static Test

Eandom Step Funetion Sequence
Temperature Test Specimen
(After Exposure)| Number | Number (Total Test Time Constant)
. 1 $-20 TiTg t, +C3 Tetu+0 Taty +0z Tata
2 5 S-11 GyTr ty +03 Tgtg+03 Taty +0z Ty ty
3 8 Se3 0Te t, +Q, T, tz+d’; Tety +0; Tat*
i 7 13 Sl GaTy ta+07, Trte+0n Taty +0; Taty
i 22 5~30 G3Ty ta+qs Tat +03 Tets +07 T, ta
3 25 S=21 TiT; ta+GaTsty +0 Tt +0 Tyt
7 30 S-19 BT te+CeTatz+0eTats +0 Tot,
a2 31 S<13% %T, t‘-’-a’:’thg'i'ﬂT"tl +0~'T' ta
2 3 S-16 T t1+C0aTats+0, Tate +05 Tats
i) 7 S~28 OuTg .40, Tata+@, 0,52 +T4Tats
A 10 S-24 OiTs ta+G, Tata+0Tate +05T, 4,
02 ‘7" 21 323 03Tt t3+0 ¢ Tote+TgTata +C3 Tty
3 2 23 5-31 OaTse t3+G2 Tt/ +02 Tets +07 Tuty
i 26 8-12 o;T: t4+@', Tgtg*-a.’ T, tg +6'4T4t,
L5 27 S-18 2T te+T2Tety "’O-iTl ts +0:T/t2
6 28 S-6 G2le te+07 Toby+gyTaty +03 Tsts
6 S-14 O3Ts t;+02T,b2+07 Tets +0 Tate
0 -T- 16 8-22 Oals ta+03 T, ta+g3Tete +02T, ¢,
23 3 17 ST G1Tz t3+02Teta+rg™yTat) +04Trtsg
22 ) 19 8-17 Ty ta+03Tate+gaT,ty +03Tets
23 24 8-5 Oals t3+03Tate+0% Tets +07 Tt
24 32 3-29 CaTs te+03T,t3+02Tete +0eTat
5 2 8'9 U;T4 t, +a-&T4t4.+a'2 T, tg,, +°-8 T't,
26 4 $-15 0305 t +0 g Tata+0gTats +02aT t3
E 9 5-32 a,7, ta+07 Tatag+o, Tate +d-[ Tet,
38 12 5-25 03Ty ta+gaTats+aaT/te +Ta Tt
29 T 1k 8-10 03'1'4. tg_+0"zT3t[ +0"g,T3 t’ +0s Tg,t4
%0 A- 18 S-1 G;Tf. t‘J +0% Tttl +0 T,t4- +O'3 T’t‘,
3 20 S-2 O'iTg ta+0"a‘1‘4t,,+0‘=,1'3t, +G;T.,t4
52 29 5-26 G3Ts te+05 T, t, +05 Ty ta +G3 T4ts
G = Siress Level
¥ = Temperature Level 4 Different Values for each Input
. Variable, i
v = Time Inorement

Half factorial sampling of 64 possible combinations of input

variables,

Total Number of Tests = 32, Total Number of Specimens = 32
- 1657779216"

Potal Environmental Population Sampled = 64‘+
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FIGURE 4.3552
SELECTED TEST COMBINATIONS

(HALF REPLICATE FACTORIAL)

TENPRRATURE °F i

TIME T ™ T T STRESS

HRS. 1 2 5 4 PSI

X X <§F"i

%

1 X X g,

X X G s

X X G
X X C7'; ,

t, X X g

X X G

X X G,

X C7'1

X X 67“;

t3

X X G "

X X g,

X X CT";

£, X X G,

X X cj“s

X X g,

%X denotes selected combination ofﬂ’t in order to sample
the total factorial of 64.
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induce a few premature failures., This insures that degradation
of the material extends up to a maximum value, The economic
factors for the tests dictate that this be accomplished ia the
shortest practical test time,

An estimate of total test time and maximum stress level
can be made from constant loadeconstent temperature creep data.
A given deformation limit cen be set up as the criteria of
failure and stress-time maximum relationships determined,

Tne maximm stress level shcould be no higher than that exe
pacted in realistic design spplications, If this criteria,
is followed, the envirommentel step function tests would be
expacied to be slightly more critical in their extreme ranges,

Data to be recorded during the step function tests are
total deformation and creep., Accurate stress strain diagrams
and ultimate strengths are to be recorded for the %tests after
prior history, Other basic parameters such as elongaticn,
thermal expansion roissons ratio and reduction of area saould
also be recorded,

Figure 4.3361 shows actual test data generated from S hour
tests of 7075-T6 bare sheet where the stress level varied be=
tween 70 to 85% of yield (at temperature) (Ref, WADD TRA0=7T77).
Inspection of the curves show that the envirommental step function
test data forms a scatterbanc that encompasses data from specimens
having no prior history as well as elevated temperature strengths
presented in MilHDBK-5. This environmental data represents a
purely random sample acroes the eanvirommental range spanned
by the tests, It further represents the theorstical maximm

range of envirommental degradation for the particular naterizl.
p 5
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Gecrge C . Marshall Space Flight Center
Huntsville. Alabama

VMEMORANDUM
Te Distridbution Date October 4, 1960
From Director, Aeroballistics Divieion

Subject Consolidated Wind Magnitude, Wind Shear, and Wind
Speed Change Criteria for Saturn Vehicle Design

1- This memorandum describes the wind enviromment for which
t+he Saturn vehicle shall be designed to funetion. A csharacteristiec
difference in the design viewpoint regarding wind criteria for whish
the Saturn vehicle shall he designed, as compared to a tactical
military missile, is the relaxation of the wind magnitude which the
system is expected to encounter. This philoscphy assumes that the
more extreme wind magnitudes can be avoided and wind levels up to
the 95% probability-of-occurrence level (two~sigma) may be considered
as extremes to be encointered by the vehicle. The wind criteria out-
lined in this memorandum provide for an operational capability 95% of
the time for the worse wind month of the year at Cape Canaveral (Atlantic
Missile Range), Florida. Therefore, this design condition provides
for vehicle operations on an average for all but 1% days for the worse
wind month of each year. For other months of the year a higher pro-
bability for successful operations, relative to wind restrictions, will
exist.

2. The stated wind environment conditions are presented in order
tc consolidate previously published information in one reference to
insure coordination within all organizations involved in the Saturn
Program. Although based on the best available data and design philosophy,
the oriteria presented are subject to revision based on the resulis of
future investigations.

3, Wind Magnitude - Pigure One provides data on the wind speed
as a funotion of altitude, This profile is an envelope of the wind
speeds at ecach altitude level associated with the 95% probability
(two-sigma) level.,

4. Wind Shear -~ Figure Two contains information on the wind shear
spectrum associated with differentials in altitude from 10Om to 4000m over
the altitude range from 6 km to 18 km. These data are to be combined
with the wind magnitudes in Figure One to establish wind build-up curves
leading to the garious wind magnitudes or fall-off rate from the given
wind magnitudes.




SUBJECTs Consolidated Wind Maguitade, Wind Shear, and Wind Speed
Change Criteria for Saturn Vehicle Design

This procedure enables the aassoeciation of small and large scale wind
shears with the wind design magnitude. An example of this is presented
in Figure Four. Also, see Reference 4 for further description of this
procedure.

5- Wind Speed Change - Figure Three is simply a conversion of the
data presented in Figure Two into another form. It should be noted
that the wind change (shear) values represent the approximate 99.7
(three-sigma) level wind change (shear) to be expected over the indi-
cated scale-of-distances (differentials in altitude) for the altitude
range from 6 km to 18 km, They are to be associated with the wind
magnitudes given in Figure One which for a given altitude level provides
the wind magnitude. Figure Three will provide for any socale-of-distance
between 100m and 4000m the approximase 99,7 (three-sigma) level expected
wind speed change rate leading up to the wind magnitude or fall-off rate
from the wind magnitude with increase in altitude.

6. Example of Synthetic Wind Profile Construction - Figure Four
illustrates the employment of the data given in Figures One, Two and
Three to combine the wind magnitude and wind shear. The profile is
constructed on the assumption that the wind build-up conditions over
the 100, 500, 1000 and 2000 meters scale-of-distances (differential
altitude) below 12 km and the wind magnitude at 12 km are of interest
to the problem under study. Reference is made to Figure One. The wind
magnitude at 12 km is given as 75 m/secq The wind build-up sondition
is obtained from Figures Two and Three as:

h{m) w/ & (seo-l) v (m/sec)
100 0.090 9
500 0.050 25
1000 0-035 35
2000 0.021 42

Pigure Pour illustrates the construction of a wind profile envelepe
building up to the 12 km wind magnitude as determined by the above shears.
It should be noted that the wind speed does not build-up from zero in

a step function at 10 km but builds up at a minimum slope from the
surface-

7- The wind criteria presented herein should be apolied to the
vehicle without regard to direction, i.e., considered as wind from all
compass directions relative to the vehiecle- Furthermore, these wind
eriteria, based on our present knowledge of the wind structure over
Cape Canaveral, provide for a 95% probability of operation during the
worse wind month. The worse wind month is defined as the monthly period

exhibiting the highest average wind speeds in the 10-14 km altitude
region,

E. D. Geissler
Director., Aeroballistiecs Division
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Technical Memorandum 24

Apcllo Design

In the early phase of this program a wide variety of design
concepts were investigated and evaluated., Both modular and integrated
concepts were considered. Reentry vehicle types varied from ballistic,
to 1ifting body, to flyable, designs. Various mission module types
and many propellant tankage arrangements were studied. The attached
drawings are typical of this work, and represent most of the concepts
investigated,

The breadth of the study program was then narrowed to exclude all
but the L-2C and W=l reentry vehicle types. Each of these vehicles was
then investigated in greater detail, in both modular and integrated form,

Integrated Configurations

The two integrated configurations are similar in many respects;
the type of reentry vehicle employed being the most obvious difference.
Differences in heat shielding, structure, and overall geometry also existy
howsver,

Each configuration includes a multiple nozzle, truss mounted, solid
oropellant escape rocket., Each reentry vehicle is sized to contain six
persons and the equipments required to nerform the mission. Propellant
tankage consists of a conical oxidizer tank plus a toroidal fuel tank
in each case.

An aft structural shell provides support for the tankage, and also
2erves as a meteorite bumper, FExternal equipments, such as space radiators,

solar cell array, and communication antennas are also supported by this

structure.
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For circum~lunar, and lunar orbit missions, three (3) persomnel
stations and the air lock would be replaccd by the desired scientific
gear and the additional life support equipment required,

Hedular Configurations

The two modular configurations are also very similar to each other,
except for differences due to use of the basically different reentry bodies.
Escape provisions are the same in concept as described for the integrated
configurations, Both reentry vehicles are sized for a crew of taree (3)
and appropriate equipments. The Mission and Propulsion modules, as well
as the aft portion of the structural shell is identical for each configuration.
The Migsion Module contains scientific equipment, living facilities
{except sleeping quarters) and other gear not essential to reentry and
post=reentry phases of the mission.
The arrangement of the aft structural shell, Mission Module and main
tanks was developed simultaneously, in order that emphasis could be placed
cn an optimum combinationj--as opposed to emphasizing the optimization of

sach item in itself,
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Flapped Mercury Modular Spacecraft
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APOLLO MID-TERM HAKDOUT

TECHNICAL MEMORANDUM NO. 25

TRACKING COMMUNICATIONS AND INSTRUMENTATION

10 March 1961

J. Pipkin



', ‘Apollo Technical Memorandum 25

. March 14, 1961
Iracking, Communication and Instzumentation

A biiof céllection of current working data reflecting the
principal charaqteristics.of the system 1s presented based on a
number of established guide linea. The malient information hgs been
briefly summarizqd in a group of curves, charts, tables, and biock
diagrams, “

Tracking cerrage for miééions representing both a maximum
northern and southern lunar deglination as well as a zero declination
have‘been included and the functional block diagrams of the various
on=board qqﬁipments given., Since the complete lunar missionr infolvea
a number of phaﬁeg. different equipments and combinations §f tﬁego
equijments will be utiiizedv

Although studies are still continuing, certain apprpacheaifp the
problem reflect the compromises brought about by a number of constraints.
For inatange. decentralization in tracking and trajectory determination
will be employéd as much as possible during the oaily program due to
the limited availability of reliable long haul chanmnels, However,
as more'dépendablo world-wide communication nets become évailablo, )
centralized control will be maintainéd, In any event, full use of
established ground facilities with as few additions to the existing
complex as possible will be employed to permit

a) Launch at AMR, deep space momitoring by DSIF, reoantrQIAt

PMR, and ianding at Edw#rds AFB,

®) Vehicle‘monitoring &uring}the various mission phases. -

‘ ¢) Aseistance to the onéboard guidance system by provid'ing

necessary data inputs for use in up«dating the onfboard
equipment. '




Communications will involve two categories which consist of the
information transfer from the ground complexes to the vehicle, and
the information transfer among the various elements of the ground
complexes themselves. The overall backup reliability of the ground
system will not degrade the task of safe vehicle return. The
electronic communications and tracking circuits of the on-dboard
equipment, while employing advanced transistorized techniques, will be
amenable to the use of grown functional units as they become operationally
available.

On-board instrumentation will, in general, cover four significant
areast

a) Vehicle and vehicle systems

b) Life support and human reaction to enviromment

¢) Scientific measurements for crew safety

d) Lunar surveillance
Finally, the data processing system for instrumentatiom will consist
of two types: one compatible with the up«dated Mercury ground system -
and used for igjection, earth orbit and re-entry phases; and, the

other one compatible with the anticipated DSIF and used for the

deep space phases.
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Figure No. Title
T™25-25 APOLLO Vehicle Reception Systenm
TM25-26 Vehicle Reception Signal Processing
Instrumentation:
TM25-2% Pulse Code Modulation System
TM25~28A Typical Instrumentation

28B Measurement Subsystems

28c
TM25~-29 Data Translation and Recording System
TM25=~30 Malfunction Detection System

-2-5

Table of Contents (cont'd)

Fanction

Demodulator-Decoder
Receiver Signal Processing-
Signal Selector (typical)

Deep Space Digital System
provides on board data
processing of slowly vary-
ing analog and digital
telemetry signals

Provides for on board
recording of communica-~
tions information and data
translation system for
stacking of PCM, Voice and
PDM/FM for use on single
transmitter '
Provides capability of on
board evaluation of vehicle
system performance.
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